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EXECUTIVE SUMMARY 
 
 
This research project examined objective measures of driver behaviour and road users‟ 
perceptions on the usefulness and effectiveness of three specific VMS (Variable Message 
Signs) interventions to improve speeding and headway behaviours. The interventions 
addressed speeding behaviour alone (intervention 1), headway behaviour alone (intervention 
2) and a combination of speeding and headway behaviour (intervention 3). 
 
Six VMS were installed along a segment of the Bruce Highway, with a series of three signs 
for each of the northbound and southbound traffic.  Speeds and headway distances were 
measured with loop detectors installed before and after each VMS.  Messages addressing 
speeding and headway were devised for display on the VMS‟s. A driver could receive a 
message if they were detected as exceeding the posted speed limit (of 90km/hr) or if the 
distance to the vehicle in front was less than 2.0s.  
 
In addition to the on-road objective measurement of speeding and headway behaviours, the 
research project elicited self-reported responses to the speeding and headway messages from 
a sample of drivers via a community-based survey. The survey sought to examine the drivers‟ 
beliefs about the effectiveness of the signs and messages, and their views about the role, use, 
and effectiveness of VMS‟s more generally. 
 
Findings from objective data (on-road measurement via loop detectors) 
 
The installation of VMS, and the use of targeted speed and/or headway messages, was 
associated with significant changes to drivers‟ behaviour. Overall, the interventions had a 
positive effect on both speed and headway behaviours. Regardless of the messages displayed, 
either speed-related or headway-related, there was a reduction in speed of travel associated 
with the VMS‟s. Mean speeds, median speeds, and 85th percentile speed were all reduced 
over the segment (see Figure 1). The combination of speed and headway messages (in 
intervention 3) had the greatest effect on mean speed, followed by the speed-only messages 
(intervention 1). The difference in mean speed between intervention 3 and intervention 1 was 
0.11 km/h. However, intervention 1 was associated with a greater proportion of drivers not 
speeding (travelling ≤92km/h) and with a lower 85th percentile speed. While it was not an 
explicit intention of the headway messages to have an effect on drivers‟ speed behaviour (i.e., 
the focus of the message was to increase headway distances), there was still a reduction in 
mean speed of almost 3 km/h during intervention 2 compared with mean speed during the 
baseline period.  
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Figure 1. Comparison of speed across all interventions.  
 
 
When „free-speed‟ measures of travel speed were analysed, the speed-only messages 
(intervention 1) had a greater effect on all speed measures compared with the combined speed 
and headway messages (intervention 3) and when compared with headway-only messages 
(intervention 2). These results may relate to the message display rules, where message 
initiation was dependent on vehicle behaviour, and the proximity of other vehicles (a more 
detailed explanation is presented in the report). As a result of these display rules, drivers were 
more likely to receive a message when they were not travelling in the vicinity of another 
vehicle.  
 
While there appeared to be no evidence of progressive improvement in driver behaviour 
across the 3 successive VMS, there was an improvement in speed behaviour for all driver 
data (see Figure 2) and for data from drivers categorized as travelling at „free speed‟ (see 
Figure 3). Mean speed decreased after the VMS sign for both driving categories for all 
interventions, except for one or two locations. Roadworks, missing data points or differences 
in road geometry (horizontal or vertical alignment changes) may explain some of the 
anomalous results, although it was not possible to account for these factors in the current 
analysis.   
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Figure 2. Difference in mean speed between At and Downstream locations for all sites, Interventions compared 
(negative numbers reflect a reduction in speed between At and Downstream locations). 
 
 
Figure 3. Difference in ‘free-speed’ mean speed between At and Downstream locations for all sites, Interventions 
compared (negative numbers reflect a reduction in speed between At and Downstream locations). 
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The use of targeted messages also had an impact on drivers‟ headway behaviour. Mean 
headway increased during each intervention period, with the largest effect seen in association 
with the headway-only messaging period (intervention 2; see Figure 4), followed by the 
speed-only messaging (intervention 1) and then the speed and headway messaging 
(intervention 3).  
 
 
Figure 4. Comparison of headway for vehicles interacting with other vehicles (headway <5.0s) across all 
interventions.  
 
There was no progressive improvement in driver headway as they passed 3 successive VMS 
locations; however, the VMS at each location, with the exception of Coles Creek, was 
associated with an increase in headway irrespective of whether a driver received a speeding 
or a headway-specific message.  
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Figure 5. Difference in mean headway for vehicles interacting with other vehicles (headway <5.0s) between At and 
Downstream locations for all sites, Interventions compared (negative numbers reflect a reduction in headway 
between At and Downstream locations). 
 
Findings from subjective data (self-report survey) 
 
A community-based survey was conducted to explore issues such as general driving 
behaviour, recall of the VMS installations and the messaging on them, as well as general 
views relating to the role, use, and effectiveness of VMS‟s. The surveys were administered to 
drivers at the Kybong Matilda service station, a location in close proximity to the VMS‟s and 
considered to be a location accessible to drivers travelling both north and southbound on the 
Bruce Highway. A total of 248 eligible individuals completed the survey. The sample was 
primarily male (70.2%), and the substantial majority held an Open licence (93.9%). The 
sample also comprised more older drivers than the Queensland driving population (72.5% of 
the sample were 40 years of age or older, while 57.3% of drivers licensed in Queensland are 
40 years or older). The majority of the participants (82.1%) reported themselves as not being 
regular drivers of the segment of the Bruce Highway where the VMS‟s were installed.  
 
Participants were asked to report on their perceptions about the usefulness of the information 
displayed on the VMS in general. Overall, participants reported high levels of perceived 
usefulness for road-safety related messages displayed on VMS, and did not believe that the 
VMS distracted their attention from the road. The majority of participants also agreed that 
VMS‟s were a useful source of information when driving. There was a high level of 
acceptance for speed-related messages, with 96.7% reporting the messages to be very useful 
or somewhat useful. The majority of drivers (52.5%) reported reducing their speed as a result 
of their seeing a message, although 32.2% of drivers who reported reducing their speed 
immediately after seeing the message increased their speed later in their trip. Compared with 
the speeding messages, headway messages were reported as having less impact on driver 
behaviour, with 29.9% of drivers reporting that they increased their headway as a result of 
seeing a headway message. The majority of drivers (62.4%) did not change their headway 
after seeing a headway message, and, unexpectedly 7.7% of drivers self-reported decreasing 
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their headway after seeing the sign. These responses may reflect the perceived inaccuracy of 
the headway message, or misunderstanding regarding what represents the desired headway 
distance/time. Multiple VMS‟s, as in a series, were perceived to be better than a single VMS 
for enabling drivers to improve speeding and tailgating behaviour. Statistical analysis on 
responses in the survey, however, found that there was no significant difference in the 
perceived influence on their behaviour, or the behaviour of others, of multiple VMS over a 
single VMS. For those drivers who saw a message displayed on the VMS, the majority were 
able to read the message and were positive towards the message shown.  
 
The results should be viewed with some caution as there were extensive and on-going 
roadworks along the road segment during the trial. Such happenings may have had an impact 
on driver behaviour, and it was not possible to determine the extent to which such extraneous 
factors influenced the study‟s findings. Also, data were missing from the downstream 
locations for the majority of Intervention 3, although the impact of this was site specific (see 
objective data report). Roadworks, missing data points or differences in road geometry 
(horizontal or vertical alignment changes) may explain some of the anomalous results, 
although it was not possible to account for these factors in the current analysis. 
 
SUMMARY 
 
The findings of this report demonstrate: 
 
VMS with vehicle-activated speed, headway, and combined speed and headway 
messages that targeted drivers who were speeding or travelling with short headways, 
do improve driver behaviour (both speed and headway) in proximity (for a minimum 
of 500m)to the VMS. 
There is evidence of a consistent effect across successive VMS sites, however there 
appears to be no increase in effect as a result of three successive VMS. 
VMS have a high level of acceptance among road users. 
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FUTURE CONSIDERATIONS 
 
The trial was successful in changing driver behaviour; however,  
 It was not possible to ascertain how long the change in speed or headway behaviour 
persisted after the VMS. Further study is required to assess the extent of the impact 
halo. 
 It was not possible to assess whether the VMS‟s had an impact on crashes. It would 
be difficult to assess this impact of the VMS during a one month trial across a 20 
kilometre long road segment (i.e., given that crashes are rare events). It may be 
possible to conduct this assessment if the duration of the trial was extended, the 
geographical area expanded, and the number of VMS‟s installed increased. These 
options would allow sufficient data points (crashes) to study the impact of the 
intervention. 
 Examination of the change in individuals‟ behaviours through each VMS could be 
conducted using technology such as Automatic Number Plate Recognition. 
Additional information about the presentation of messages to drivers would also 
improve understanding of driver behaviour in response to VMS. For example: Did 
the driver of vehicle who was supposed to see a targeted message see one (if a sign 
was not presented, it is unlikely that a driver would alter their behaviour?; What is 
the impact of a driver seeing a sign that was not directed at them and, in particular, 
are there any unintended negative consequences?). 
 It may be useful to examine the effects of enforcement and awareness. For example: 
Are the impacts of targeted messaging improved if a program of enforcement or an 
education campaign is also implemented? 
 
Future investigations of the impact of VMS on driver behaviour should consider the 
installation of permanent downstream loop detectors. This approach would improve future 
data quality, and enable ongoing systematic evaluation of VMS messaging.  
 
The impact of variation in the types of messages displayed, including the specificity of 
messages, and variation in message content over time, should be examined. 
 
A trial of a multiple-VMS intervention on a road segment where VMS‟s are installed on a 
road with similar geometry at each location (preferably with little change in horizontal and 
vertical alignment) could address confounding on-road variables that could not be accounted 
for in the current analyses.  
 
This use of VMS represents a novel approach to changing driver behaviour, and initial results 
indicate that vehicle-activated speed and headway messages can improve driver behaviour. 
There is the potential for this type of intervention to make small, but consistent improvements 
to driver behaviour across the network. Ongoing assessment of the impact of this strategy, 
and continued development and refinement of the strategy is recommended.     
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PART I: OBJECTIVE MEASURES OF DRIVER BEHAVIOUR 
Summary 
 
The purpose of this project was to evaluate the effect of VMS messages on driver behaviour, 
namely vehicle‟s speed and headway, both in relation to immediate behaviour change and to 
behaviour change over a series of messages. The messages displayed addressed speeding and 
headway (following or tailgating) behaviours. Six Variable Message Signs (VMS) were 
installed across the road segment, with a series of three signs for each of the northbound and 
southbound traffic.  The messages displayed were dependent on vehicle travel speed (when 
detected 500m upstream of the VMS), or dependent on the time gap between successive 
vehicles. In other words, where a driver was neither speeding nor following too closely, they 
did not activate the sign and did not receive a message. Where a vehicle was both speeding 
and following too closely, the priority was given to the speeding message. The study was 
performed as a before-and-after experiment at six VMS sites between Cooroy and Gympie on 
the Bruce Highway. Data were collected during the baseline and three intervention periods. 
During the baseline, the VMS signs were installed, but no messages were displayed. The first 
intervention specifically addressed speed behaviour, while the second focused on headway 
behaviour, and the third intervention addressed both speed and headway behaviour. 
 
Baseline data was collected during a two-week period (excluding school holidays). All three 
intervention periods were one month in duration. Descriptive statistics were used to explore 
data patterns, while Chi-squares and Kolmogorov-Smirnov tests were used to formally test 
the differences in speed or headway behaviour.   
 
The posted speed limit along this road segment was 90km/h. The mean speed recorded across 
all sites in the road segment during baseline was 90.33km/h (SD=6.65), while the median 
speed was 90.0km/h. The mean speed over the road segment during intervention 1 (speed-
only messaging) was 86.7km/h (SD=6.49), with the median speed 87.0km/h.  That is, the 
VMS speed message intervention was associated with an overall reduction in mean speed of 
3.63km/h. The proportion of drivers complying with the speed limit was higher during the 
intervention period than it was during the baseline period (82.1% vs 61.1%). The proportion 
of drivers observed in the higher speeding categories (>120 km/h) remained similar; 
however, there was a decrease in the proportion of drivers observed travelling between 92-
120 km/h (17.9% during the intervention, 38.8% during baseline). The VMS speed message 
intervention was associated with a consistent decrease in the proportion of drivers travelling 
over the posted speed limit during intervention 1 (speed-only messaging). The speeding 
behaviour of drivers travelling at „free-speed‟ was similar trends found for the whole traffic 
flow, with significant decreases observed in mean speed (between 1.2km/h and 5.7km/h) and 
speed profiles during the intervention period. When looking at all traffic, or only traffic 
travelling at „free-speed‟, there was no additional reduction in speed across the segment (as 
drives passed through the three consecutive VMS locations). Despite no specific messaging 
regarding headway during intervention 1, headway was found to have increased (i.e., drivers 
increased the distance between them and the vehicle in front of them) during the speed 
message intervention (compared to baseline, and at downstream locations during the 
intervention). 
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Intervention 2 was headway-messaging only. The proportion of drivers with headways less 
than 1.0s decreased during the intervention compared with the baseline from 17.08% to 
13.35. When only drivers deemed to be interacting with other vehicles (those with a headway 
of <5.0s), mean headway measures increased (i.e., drivers increased the distance by which 
they were driving behind the vehicle in front of them) during the intervention period from 
1.73s to 1.83s. During intervention 2, the mean speed over the road segment was 87.54km/h, 
a reduction of 2.79km/h on the baseline.  
 
The third stage of the project (intervention 3) involved displaying either speed or headway 
messages to drivers based on their behaviour, although, as noted previously, speed messages 
had priority if both behaviours were detected. During this period there was a reduction in the 
mean speed to 86.58km/h, the lowest mean speed of all intervention periods. The effect of 
intervention 3 on the proportion of drivers complying with the speed limit (80.04%) was not 
as prominent as the impact of intervention 1 (82.12%), although it still represented an 
improvement on the baseline figure (61.13%). When „free-speed‟ behaviour was examined, 
there was a reduction in mean speed for intervention 3 to 88.13km/h (from 91.68km/h during 
baseline), but still slightly higher than that evidenced during intervention 1 (87.80km/h). The 
proportion of drivers with a headway of <1.0s was lower during intervention 3 (15.10%) 
compared with baseline (17.08%), When drivers with a headway of <5.0s (defined as 
interacting with other vehicles) were examined, there was an increase in headway during 
intervention 3 from 1.73s during baseline to 1.79 during intervention 3. This improvement in 
mean headway was not as notable as the improvements observed in intervention 1 (1.81s) or 
intervention 2 (1.83s).  
 
The VMS interventions were associated with improved driver behaviour, resulting in 
reductions of mean speed and increasing headway gaps. The positive effects were found on 
all sites. There was no progressive improvement in driver behaviour as they moved through 
the three VMS locations for either northbound or southbound traffic.  
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Background 
 
DTMR commissioned CARRS-Q to investigate the effect of different messages related to 
speed and headway (following distance) appearing upon Variable Message Signs (VMS) on 
driver behaviour. Six VMS‟s between Cooroy and Gympie on the Bruce Highway – 
Queensland were included within the trial zone and thus incorporated within the field study. 
Vehicle speed and headway data collected by induction loops (and temporary tube traffic 
counters) positioned at each of the VMS‟s were used to assess any changes in driver 
behaviour.  
 
This report examines the effect of the targeted messaging on driver behaviour in relation to 
vehicle speeds and headway distances.  The effect of the interventions was compared with 
baseline data. The first intervention addressed speeding behaviour, and displayed messages 
outlining the penalties that the driver would receive if enforcement was occurring. The 
second intervention targeted headway behaviour, and displayed a general message informing 
the driver they were too close to the vehicle in front. The third intervention addressed both 
speed and headway behaviour, although there was a priority for speed messaging if the driver 
was both speeding and following too closely. 
Introduction 
 
The aim of this field study was to evaluate the effect of messages appearing upon the VMS‟s 
on driver behaviour, both in relation to behaviour (change) measured at each of the individual 
signs as well as behaviour (change) in relation to the series of signs within the study site. 
Specifically, six VMS‟s were installed, three for northbound traffic and three for southbound 
traffic thus allowing the measurement of behaviour (change) within the field study site. All 
VMS sites were associated with single traffic lanes in the direction of travel. During 
intervention 1 and 3, each VMS was activated when a vehicle was detected exceeding the 
speed limit at a location approximately 500m prior to the VMS. During intervention 2 each 
VMS was activated when a driver had a headway of less than 2s, although headway 
messaging was only displayed in intervention 3 if the driver was not also exceeding the speed 
limit. The speeding message displayed incorporated a warning sign to vehicles exceeding the 
posted speed limit, and also provided information on the penalties associated with travelling 
at the detected speed (applicable monetary fines and demerit points) (see Table 1). 
 
Table 1. Messages displayed (2 frame sequence), as determined by vehicle speed. 
Speed Frame 1 Frame 2 
Lower Limit Upper Limit 
92 102 YOU ARE SPEEDING 
SLOW DOWN 
MINIMUM PENALTY 
1 POINT + $100 
103 110 YOU ARE SPEEDING 
SLOW DOWN 
MINIMUM PENALTY 
3 POINTS + $150 
111 120 YOU ARE 
SPEEDING 
MINIMUM PENALTY 
4 POINTS + $250 
121 130 YOU ARE 
SPEEDING 
MINIMUM PENALTY 
6 POINTS + $350 
131 255 YOU ARE 
SPEEDING 
MINIMUM PENALTY 
8 POINTS + $700 
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The headway message was displayed to drivers with a gap to the lead vehicle of less than 2 
seconds. No information was provided to drivers with regards to penalties (monetary fines or 
demerit points) for reasons outlined in “Effects of speeding and headway related signs on 
driver behaviour: An interim report” (sent to TMR 28 May 2010); rather the message sought 
to raise a driver‟s awareness that they were too close to the driver in front of them (as 
emphasised by the use of the pronoun “You” which was depicted in uppercase relative to all 
other letters in the message) together with a strategy with which they could use to avoid the 
behaviour (as reflected by the phrase, “Back off Now”). Also, the message ensured that the 
identification of the behaviour was presented first followed by the strategy. The VMS 
displayed during intervention 2 was derived from a formal process described (see “Effects of 
speeding and headway related signs on driver behaviour: An interim report” sent to TMR 28 
May 2010). The displayed headway message was: 
 
YOU are tailgating 
Back off now 
 
Brief description of the VMS locations 
 
Six VMS‟s (see Figure 6) were installed on a rural highway that has a signed speed limit of 
90km/h. The road has one lane travelling in each direction with an occasional overtaking 
lane. There is approximately 10 kilometres between each of the VMS‟s (see Figure 7). The 
six locations were inspected by the CARRS-Q research team, and specific details of road 
geometry and roadside features were documented. Three northbound VMS‟s were located at 
Black Mountain, Traverston and Tuchekoi.  The VMS at the Black Mountain (Northbound 
VMS 1) site is positioned with a downhill gradient and the Tuchekoi VMS is positioned with 
an uphill gradient. At both locations, the VMS is visible for some distance before and is not 
obscured by other features (trees, other roadside signs etc.). The VMS located at the 
northbound site of Traverston (VMS3) is positioned after a corner, although the road where 
the sign is located is straight and level for a distance prior to the sign.  The three southbound 
VMS‟s are located Kybong at, Coles Creek and Federal. The VMS at Coles Creek is 
positioned on a section of road with a slight downhill gradient, leading into a sweeping bend. 
There is also visual clutter around the VMS sign, with a speed/road warning sign, and 
advertising. It is also important to note that a turning lane for access to a service station is 
located within 500m, possibly impacting on the “after” VMS driver behaviour variables. The 
second southbound VMS is located at Kybong, and is obscured to traffic by vegetation for 
quite a distance. The VMS located at Federal is positioned on an uphill stretch of road, with 
the speed limit changing from an 80km/h roadwork zone to a 90km/h at the VMS. Extensive 
roadworks have occurred at various locations along this road segment over the course of the 
trial period. This project has not examined the impact of specific road features (such as 
surface treatments, road geometry, and sight-lines) on driver behaviour, but research suggests 
that these factors would have an effect. The program of road works (locations, timing and 
duration) was not provided to the CARRS-Q research team, but observations of the site 
indicate that roadworks were associated with reduced posted speed limits and altered road 
environments (including reduced road width, the installation of barriers and change road 
surface). 
 
Vehicle speeds and headway were measured automatically using permanent induction loops 
(upstream and at the VMS) and temporary tube loops (downstream) installed by TMR. 
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Driving behaviour was monitored approximately 500m upstream of the VMS (also the 
detection point for triggering the content of VMS), at the VMS sign, and approximately 500m 
downstream of the VMS.  
 
The road geometry at each site is different, making direct comparisons between sites difficult. 
However, it is possible to compare between historical measurements at each site, and 
generalisations for the overall stretch of road. It is important to note particular road geometry 
features, such as gradient, curvature of the road, may have an impact on self-selected travel 
speed.  
 
 
 
 
 
Figure 6.  VMS locations along the Bruce Highway. 
Northbound VMS 1 
(Black Mountain) 
Southbound VMS 3 
(Federal) 
Northbound VMS 2 
(Tuchekoi) 
Southbound VMS 2 
(Coles Creek) 
Northbound VMS 3 
(Traverston) 
Southbound VMS 1 
(Kybong) 
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Figure 7. Schematic of VMS locations for Bruce Highway (Cooroy to Gympie.  
 
Data collection 
 
Baseline: Baseline data (where the VMS‟s were installed, but no direct messaging was 
displayed) was collected between 22/09/2009 and 17/10/2009. To ensure consistency, data 
collected during school holidays (22/09/2009 and 4/10/2009) was excluded
1
. Only upstream 
and at-sign data was available for baseline data (temporary downstream loops were only 
available during the messaging intervention measurement periods).  
 
Intervention 1:  Data was collected for the speed messaging evaluation trial for the period of 
one month (20/04/2010-19/05/2010). No school holidays occurred during data collection for 
the speed messaging intervention. The data was collected from all six signs, as well as six 
upstream and six downstream locations. No school holiday periods occurred during data 
collection for intervention 1.  
 
Intervention 2: Data was collected for the headway messaging evaluation trial for the period 
of one month (15/03/2011-15/04/2011). The data was collected from all six signs, as well as 
six upstream and downstream locations. No school holiday periods occurred during data 
collection for intervention 2. 
 
                                                 
1
 School holidays typically result in different travel behaviour for road segments which impact on a number of 
different factors including traffic volume, and what drivers are travelling on the road.  
Message 
Message 
Message 
10km 
10km 
Permanent upstream detection loop (500m before VMS) 
Temporary downstream loop (500m after VMS) 
Permanent detection loop at VMS 
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Intervention 3: Data was collected for the speed and headway messaging evaluation trial for 
the period of one month (16/04/2011-16/05/2011). The data was collected from all six signs, 
as well as six upstream and downstream locations. This period included school holidays 
(16/04/2011-26/04/2011 inclusive). The data collected during the school holiday period 
(22/09/2009 to 4/10/2009 inclusive) has been included due to the data issues experienced 
(such issues are discussed in further detail below).  
 
There are some concerns about data integrity for the downstream sites during the third phase 
of the project (i.e., speed and headway messages). Downstream data was incomplete for all 
sites. For all locations, the number of days data was recorded and the days not recorded are 
documented respectively: Black Mountain (3/28); Tuchekoi (10/22); Traverston (22/9); 
Kybong (12/19); Coles Creek (18/13); and Federal (3/28). 
Methodology 
 
 
Speed intervention data 
The evaluation study of a speeding message intervention included the six VMS systems 
displaying messages warning a driver that they were exceeding the speed limit (followed by a 
screen nominating the appropriate fine and demerit points for the detected speed). The speed 
message consisted of two frames. The sign displayed was dependent on system factors and 
driver behaviour factors. The proximity of other drivers affected message display (if a vehicle 
was detected travelling at ≥92km/h, the headway parameter was checked by the program to 
ensure that no other vehicle was within 300 metres from the VMS, and if a vehicle was 
detected the message was not initiated), and vehicle speed influenced the type of message, 
such that the information on the minimum penalty provided varied depending on the detected 
vehicle‟s speed (see Table 1). The proportion of drivers meeting the criteria for a message but 
either receiving a message or not receiving the message was modelled in report (see “Effects 
of speeding and headway related signs on driver behaviour: An interim report” sent to TMR 
28 May 2010). More information regarding System Operation and Configuration Parameters 
available from the Functional Specification document, provided to TMR by J1 LED Systems 
& Solutions.  
 
 
Headway intervention data 
 
The evaluation study of a headway message intervention included the six VMS systems 
displaying messages warning a driver that they were too close to the vehicle in front. The 
headway message consisted of one frame. The sign displayed was dependent on system 
factors and driver behaviour factors. The primary determinant of message display was the 
proximity of the following vehicle to the lead vehicle. The proportion of drivers meeting the 
criteria for a message but either receiving a message or not receiving the message was 
modelled in report (see “Effects of speeding and headway related signs on driver behaviour: 
An interim report” sent to TMR 28 May 2010). 
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Speed and Headway intervention data 
 
The evaluation study of a speed and headway message intervention included the six VMS 
systems displaying messages warning a driver that they were exceeding the speed limit or 
they were too close to the vehicle in front. The speed message consisted of 2 frames (outlined 
in Table 1). The headway message consisted of one frame. The sign displayed was dependent 
on system factors and driver behaviour factors. The logic of the system dictated that speeding 
messages had priority, so if a driver was both speeding and had headway less than 2 seconds, 
they received the speed message. The headway message was displayed when the vehicle was 
not exceeding the speed limit. 
 
The technology used cannot determine if drivers exhibiting adverse behaviours (travelling 
faster than 92km/h, or with a headway less than 2 seconds) were presented with messages, or 
drivers saw messages while travelling with an appropriate speed and headway. However, the 
proportion of drivers meeting the criteria for a message but either receiving a message or not 
receiving the message was modelled in report (see “Effects of speeding and headway related 
signs on driver behaviour: An interim report” sent to TMR 28 May 2010).  
 
This report examines driver behaviour (change) in relation to speed and headway. It is 
important to note the size of the dataset. Due to the large sample size, statistically significant 
effects may reflect a small magnitude in change in behaviour. The large size of the dataset 
allows those examining the findings a degree of confidence that real differences have been 
identified.  
 
Statistical analysis 
Descriptive statistics  
 
General descriptive statistics were generated. These statistics included mean and median data 
for speed and headway. The highest and lowest 15
th
 percentiles were also calculated (85
th
 
percentile for speed, 15
th
 percentile for headway). Speeding behaviour was also categorised 
into six categories (based on the speed enforcement categories used in the VMS speed 
message hierarchy, see Table 1). „Free-speed‟ is defined as the speed a driver chooses to 
travel, when not influenced by traffic factors. Headway was also classified as a categorical 
variable with 5 levels (0.00-0.69s; 0.70-0.99s; 1.00-1.99s, 2.00-4.99s; ≥5.00s). The use of 
categorical variables, and the 15
th
 percentile, for the headway variable was used given the 
contention in the research as well as policy regarding what distance constitutes a safe 
following distance (see “Effects of speeding and headway related signs on driver behaviour: 
An interim report” sent to TMR 28 May 2010).   
 
 
Use of statistical tests  
 
The distributions within the data, across all key variables (speed, headway, vehicle 
classification), did not meet the key statistical assumptions of normalcy required for 
parametric statistical analyses. Measures of skewness fell within in the acceptable range; 
however kurtosis values fell well outside the accepted range. Mean speed was compared 
using T-tests; however the majority of analyses were conducted using non-parametric tests 
(primarily Chi-Square tests). Measures of distributions were also conducted to better 
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understand the data. Analysis of speed distributions were conducted using Kolmogorov-
Smirnov tests (as advised by Prof Troutbeck).  
 
The data file for the speed intervention (intervention 1) contained almost 4.7 million cases (a 
case was defined as an individual vehicle passing over the sensor) collected during a total of 
six weeks (2 weeks used as historical baseline data, and 4 weeks of experimental data). 
Across the 6 locations used as baseline data, for 13 days of data collection, between 97,000 
and 112,000 vehicles were recorded. At the 18 sites used for experimental data (including 
upstream and downstream measurements), during the 4 weeks of data collection, between 
180,000 and 257,000 vehicles were recorded. Unless noted, all reported differences are 
statistically significant (p<.001). 
 
The data file for the headway intervention (intervention 2) contained just over 4.3 million 
cases (a case was defined as an individual vehicle passing over the sensor) collected during a 
total of six weeks (2 weeks used as historical baseline data, and 4 weeks of experimental 
data). Across the 6 locations used as baseline data, for 13 days of data collection, between 
97,000 and 112,000 vehicles were recorded. At the 18 sites used for experimental data 
(including upstream and downstream measurements), during the 4 weeks of data collection, 
between 142,000 and 257,000 vehicles were recorded.  
 
The data file for the speed and headway intervention (intervention 3) contained just over 4.2 
million cases (a case was defined as an individual vehicle passing over the sensor) collected 
during a total of six weeks (2 weeks used as historical baseline data, and 4 weeks of 
experimental data). Across the 6 locations used as baseline data, for 13 days of data 
collection, between 97,000 and 112,000 vehicles were recorded. At the 18 sites used for 
experimental data (including upstream and downstream measurements), during the 4 weeks 
of data collection, between 18,000 and 400,000 vehicles were recorded.  
 
Structure of Part I 
 
The objective data report presents the findings for the three interventions. The first section 
provides information on intervention 1, examining the impact speed messages have on driver 
behaviour. This section will detail the overall impact of VMS signs on speed behaviour. It 
will then outline the effect of the intervention on „free-speed‟ behaviour. For the purposes of 
this project, a driver was considered to be travelling at „free-speed‟ when there was a ≥5 
second gap to the preceding vehicle. The second section of the report will provide 
information on intervention 2, the effect of headway messages on driver behaviour. The third 
section will report on intervention 3, the effect of speed and headway messages on behaviour.  
The fourth section of the report will examine the differences between the three interventions 
on driver behaviour. The final section of the report will provide a summary.  
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INTERVENTION 1: Speed messaging 
Analysis of all vehicles 
 
Summary statistics 
 
Speed intervention compared with baseline 
 
The speed distributions were analysed to compare baseline data with intervention data.  
 
The differences across VMS locations between baseline and intervention data were examined 
(using only data from the At VMS detector, as downstream data were not available for the 
baseline data period).  
 
Across the whole segment, the proportion of drivers complying increased during the 
intervention period. The average number of drivers per day in each category was examined 
(see Table 2). There was a significant increase in the number of drivers not speeding, and a 
decrease in the number of drivers in all speeding categories 
 
Table 2. Average vehicles per day travelling in speed categories (whole road segment). 
 Baseline Intervention Proportional 
improvement 
Not speeding (<92km/h) 4770 (61.13%) 6256 (82.12%) 31.2% 
Speeding category 1  (92-102 km/h) 2763 (35.28%) 1280 (16.80%) -52.7% 
Speeding category 2 (103-110 km/h) 220 (2.82%) 65 (0.86%) -70.3% 
Speeding category 3 (111-120 km/h) 49(0.62%) 14 (0.18%) -71.5% 
Speeding category 4 (121-130 km/h) 8 (0.10%) 3 (0.03%) -68.8% 
Speeding category 5 (>130 km/h) 3 (0.04%) 1 (0.01%) -67.7% 
Total vehicles per day 7802 7618  
 
When individual sites were examined, there was a consistent improvement in the number of 
complying drivers. As a result, there was a corresponding decrease in the drivers falling 
within each of the speeding categories (see Figure 8 and Table 3). Chi-square tests for 
speeding distributions showed the distribution was statistically different for Black Mountain, 
Traverston, Tuchekoi, Coles Creek,  Kybong and Federal (p<0.001), with speeding 
decreasing following the introduction of VMS. The largest difference is present in speed 
categories 1-3 (i.e., 92-102km/h, 103-110km/h and 111-120km/h categories).  
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Figure 8. Comparing baseline and intervention speed distribution over drivers exceeding the speed 
limit. 
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Table 3. Speed distribution by location, comparing baseline and intervention across the study site. 
Location  Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
At Black Mountain Prior to VMS  5421 (52.5%) 45348 (43.9%) 3131 (3.0%) 492 (0.5%) 71 (0.1%) 28 (0.0%) 
 VMS  158082 (67.1%) 73942 (31.4%) 2888 (1.2%) 448 (0.2%) 72 (0.0%) 23 (0.0%) 
At Tuchekoi Prior to VMS 80619 (82.8%) 15491 (15.9%) 1007 (1.0%) 201 (0.2%) 29 (0.0%) 15 (0.0%) 
 VMS  208075 (93.4%) 13888 (6.2%) 640 (0.3%) 111 (0.0%) 24 (0.0%) 13 (0.0%) 
At Traverston Prior to VMS 62937 (64.2%) 32235 (32.9%) 2373 (2.4%) 475 (0.5%) 49 (0.0%) 16 (0.0%) 
 VMS  178378 (80.4%) 41337 (18.6%) 1798 (0.8%) 266 (0.1%) 42 (0.0%) 14 (0.0%) 
Southbound Travel 
At Kybong Prior to VMS 68688 (69.1%) 29391 (29.6%) 1080 (1.1%) 160 (0.2%) 23 (0.0%) 14 (0.0%) 
 VMS  162753 (76.1%) 49571 (23.2%) 1239 (0.6%) 150 (0.1%) 14 (0.0%) 6 (0.0%) 
At Coles Creek Prior to VMS 51058 (45.2%) 52145 (46.2%) 7176 (6.4%) 2026 (1.8%) 289 (0.3%) 140 (0.1%) 
 VMS  155881 (60.5%) 90111 (35.0%) 8909 (3.5%) 2240 (0.9%) 396 (0.2%) 192 (0.1%) 
At Federal Prior to VMS 54514 (55.5%) 40892 (41.6%) 2377 (2.4%) 429 (0.4%) 64 (0.1%) 25 (0.0%) 
 VMS  191042 (84.5%) 33420 (14.8%) 1375 (0.6%) 194 (0.1%) 33 (0.0%) 7 (0.0%) 
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Speed intervention 
 
During the intervention period, the mean speed recorded over the entire road segment was 
86.7km/h (median=87.0km/h; 85
th
 percentile speed=92.0km/h), compared with 90.33km/h 
during the baseline period (median=90.0km/h; 85
th
 percentile speed=96.0km/h). Mean speed 
was examined across detection locations, where each Before, At, and After locations were 
averaged. The lowest mean speed (and 85
th
 percentile speed) was recorded after the VMS 
(see Table 4). Downstream mean speeds were lower than the mean speeds at earlier sites (and 
this was statistically significant). There were differences in driver speed behaviour between 
northbound and southbound traffic, with southbound traffic having an overall higher speed of 
travel where this is an average of all sites in each direction (see Table 5).  
 
Table 4. Summary speed (km/h) characteristics for Upstream, At and Downstream locations for all 
detectors across the whole road segment. 
 Mean Speed SD Median 85
th
 percentile 
Before VMS 86.2 6.66 87.0 92 
At VMS 87.75 6.42 88.0 93 
After VMS 86.08 6.24 86.3 91.4 
 
 
Table 5. Summary speed characteristics for Northbound and Southbound traffic (whole road 
segment). 
 Mean Speed SD Median 85
th
 percentile 
Northbound Traffic 86.16 6.71 86.2 92.0 
Southbound Traffic 87.28 6.18 87.8 92.3 
 
 
There was an observed general trend of decreasing speeds at downstream locations, and to a 
lesser degree upstream, for the northbound traffic as drivers moved through the three 
locations. There was no consistency for southbound traffic. This may be a result of several 
factors, that are difficult to control for, including road geometry and roadworks. 
 
The data indicate that mean speed is generally lowest after the VMS, although there is no 
consistency across VMS locations. Lower downstream speeds did not occur at Tuchekoi, 
Kybong or Federal. However, mean speed was lower after the VMS compared with the at-
VMS means speed for all locations except Tuchekoi and Federal. In general, there was a one 
to three kilometres per hour reduction in mean speed (see Figure 9). There was a similar 
reduction in the 85
th
 percentile speed measure, bringing it closer to the posted speed limit (see 
Table 6). Other factors, such as road works or road geometry may have been influencing 
individual sites.  
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Figure 9. Mean speed measures across all locations.  
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Table 6. Descriptive statistics of the entire traffic flow across the study site. 
Location Mean Speed 
(km/h) 
Speed SD SE of 
Mean 
Median Minimum 
Speed 
Maximum 
Speed 
85
th
 
percentile 
Northbound 
Before Black Mountain 88.15 5.51 0.01 89.0 7.0 204.0 93.0 
At Black Mountain 89.62 5.66 0.01 90.0 4.0 247.0 95.0 
After Black Mountain 87.25 5.94 0.01 87.2 0.0 159.1 92.4 
 
Before Tuchekoi 88.37 5.83 0.01 88.0 9.0 252.0 93.0 
At Tuchekoi 83.77 5.82 0.01 84.0 20.0 250.0 89.0 
After Tuchekoi 86.94 6.34 0.01 87.0 13.8 150.9 91.6 
 
Before Traverston 88.11 6.14 0.01 88.0 25.0 222.0 93.0 
At Traverston 87.68 5.69 0.01 88.0 18.0 255.0 92.0 
After Traverston 85.24 6.63 0.02 85.8 11.8 150.0 91.0 
 
Southbound 
Before Kybong 83.45 6.35 0.01 84 1.0 250.0 89.0 
At Kybong 87.95 5.62 0.01 88 1.0 150.0 93.0 
After Kybong 84.28 6.01 0.01 84.2 10.4 130.9 90.2 
 
Before Coles Ck 88.11 5.6 0.01 88 13.0 224.0 93.0 
At Coles Ck 91.08 6.41 0.01 90 12.0 255.0 96.0 
After Coles Ck 88.12 6.28 0.01 87.7 12.0 159.0 92.7 
 
Before Federal 81.00 6.43 0.01 81 5.0 238.0 87.0 
At Federal 85.80 6.35 0.01 86 8.0 177.0 92.0 
After Federal 86.80 5.26 0.01 87 10.6 145.7 91.5 
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Speed intervention compared with baseline 
 
To compare intervention and baseline data, only measurements taken at the VMS were 
considered. Downstream monitoring was not conducted during the baseline period due to 
technical reasons. 
 
Over the entire road segment, mean speed was reduced during the intervention (compared 
with baseline), with a mean speed of 90.3km/h during baseline and 86.7km/h during the 
intervention. This difference was statistically significant (p<0.001).  
 
Compared with baseline data, post-intervention data shows that mean speed was significantly 
reduced after the installation of the VMS (p<0.001). Mean speed was reduced by between 1.9 
and 4.4 km/h (see Figure 10), with the mean speed falling below the posted speed limit of 
90km/h at all but one location (i.e., Coles Creek). The 85
th
 percentile speed was also reduced 
at all locations by between one and four kilometres per hour (see Table 7).   
 
 
 
 
 
Figure 10. Comparison of mean speed between baseline and intervention. 
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Table 7. Descriptive statistics of speed for entire traffic flow, comparing baseline and intervention data. 
Location Mean Speed 
(km/h) 
Speed SD SE of 
Mean 
Median Minimum Maximum 85
th
 percentile 
At Black Mtn (preVMS) 91.5 6.06 0.02 91.0 18 165 97 
At Black Mtn 89.6 5.66 0.01 90.0 4 247 95 
At Tuchekoi (preVMS) 86.4 6.48 0.02 86 23 167 92 
At Tuchekoi 83.8 5.82 0.01 84.0 20 250 89 
At Traverston (preVMS) 90.0 6.21 0.02 90.0 15 155 95 
At Traverston 87.7 5.69 0.01 88.0 18 255 92 
At Kybong (preVMS) 89.1 5.71 0.02 89 27 185 94 
At Kybong 87.9 5.62 0.01 88 1 150 93 
At Coles Ck (preVMS) 93.2 7.17 0.02 92.0 16 255 99 
At Coles Ck 91.1 6.41 0.01 90 12 255 96 
At Federal (preVMS) 91.2 5.86 0.02 91.0 17 254 96 
At Federal 85.8 6.35 0.01 86 8 177 92 
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Speed distributions 
 
The intervention was not designed to impact on drivers who were already complying (i.e., 
VMS‟s were activated and displayed messages, in Intervention 1, only in instances where a 
vehicle was exceeding the posted speed limit). As such, examining speed distributions 
provides a greater understanding of the impact of the intervention. It also provides greater 
detail about the proportion of drivers who engaged in high range speeding violations, and the 
impact the intervention had on these drivers.  
Speed intervention 
 
All drivers  
 
Speed distributions for all traffic were examined. Categorical speed variables were then 
analysed. These categories were based on the message hierarchy described in the Functional 
Specification document.  
 
To further examine the differences found in speeding behaviour, due to the disparities in data 
collection periods, the average number of drivers (per day) in each category was calculated. 
The average vehicles per day (vpd) were calculated for baseline and intervention datasets. 
During the baseline recording period, 46870 vpd were observed on the road segment, while 
the during intervention period 45919vpd was observed. These traffic volume figures are 
similar, so any changes observed should reflect alterations in driver behaviour in response to 
the intervention. 
 
Across the entire road segment, 82.1% of drivers were complying with the posted speed limit 
(travelling at or below the posted speed of 90 km/h, with 2 km/h buffer). The total number of 
drivers are reported (and percentage), as is the average number of drivers per day (see Table 
8). 
 
Table 8. Speed profile across the whole road segment. 
 Frequency Percent Average vehicles per 
day 
Not Speeding (<92 km/h) 3296724 82.12 36630 
Speeding category 1 (92-102 km/h) 674318 16.80 7492 
Speeding category 2 (103-110 km/h) 34337 0.86 382 
Speeding category 3 (111-120 km/h) 7286 0.18 81 
Speeding category 4 (121-130 km/h) 1297 0.03 14 
Speeding category 5 (>130 km/h) 529 0.01 6 
 
Due to the variability in speeds recorded across sites, this data is also presented. The majority 
of drivers observed at the six locations were complying with the posted speed limit at all 
locations (see Figure 11). The proportion of drivers recorded speeding, by speeding severity, 
is presented in Figures 7-11 (note the differences in y value, which change due to the large 
variation across speed categories). The proportions of drivers recorded travelling 121 to 
130km/h and more than 130km/h are low. The absolute numbers are presented in Table 9.   
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Figure 11. Proportion of drivers observed complying with the posted speed limit (ie travelling below 
92 km/h). 
 
 
Figure 12. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 92 and 102km/h. 
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Figure 13 . Proportion of drivers observed not complying with the posted speed limit, travelling 
between 93 and 110km/h. 
 
Figure 14. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 111 and 120km/h. 
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Figure 15. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 121 and 130km/h (674 drivers, from 4014491 total observed vehicles). 
 
Figure 16. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 131km/h or faster (300 drivers, from 4,014,491 total observed vehicles). 
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Table 9. Speeding distributions across all sites in the field study. 
Location  Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain VMS  177833 (77.25%) 50980 (22.15%) 1162 (0.50%) 177 (0.08%) 32 (0.01%) 13 (0.01%) 
At Black Mountain VMS  158082 (67.14%) 73942 (31.40%) 2888 (1.23%) 448 (0.19%) 72 (0.03%) 23 (0.01%) 
After Black Mountain VMS  134546 (83.14%) 25961 (16.04%) 1070 (0.66%) 207 (0.13%) 38 (0.02%) 11 (0.01%) 
Before Tuchekoi VMS  166207 (76.6%) 47140 (21.71%) 3066 (1.41%) 565 (0.26%) 90 (0.04%) 29 (0.01%) 
At Tuchekoi VMS  208075 (93.4%) 13888 (6.23%) 640 (0.29%) 111 (0.05%) 24 (0.01%) 13 (0.01%) 
After Tuchekoi VMS  184572 (86.7%) 27013 (12.69%) 1075 (0.50%) 205 (0.10%) 58 (0.03%) 23 (0.01%) 
Before Traverston VMS  166871 (76.12%) 49019 (22.36%) 2776 (1.27%) 493 (0.22%) 55 (0.03%) 18 (0.01%) 
At Traverston VMS  178378 (80.41%) 41337 (18.63%) 1798 (0.81%) 266 (0.12%) 42 (0.02%) 14 (0.01%) 
After Traverston VMS  172156 (90.05%) 18242 (9.54%) 691 (0.36%) 76 (0.04%) 6 (0.00%) 3 (0.00%) 
Southbound Travel 
Before Kybong VMS  199469 (92.87%) 14826 (6.90%) 404 (0.19%) 64 (0.03%) 11 (0.01%) 4 (0.00%) 
At Kybong VMS  162753 (76.15%) 49571 (23.19%) 1239 (0.58%) 150 (0.17%) 14 (0.01%) 6 (0.00%) 
After Kybong VMS  353942 (91.06%) 33450 (8.61%) 1108 (0.29%) 152 (0.04%) 26 (0.01%) 0 (0.00%) 
Before Coles Creek VMS  159765 (78.48%) 41125 (20.20%) 2044 (1.00%) 508 (0.25%) 93 (0.05%) 39 (0.02%) 
At Coles Creek VMS  155881 (60.48%) 90111 (34.96%) 8909 (3.46%) 2240 (0.87%) 396 (0.15%) 192 (0.07%) 
After Coles Creek VMS  147401 (81.63%) 28908 (16.01%) 2700 (1.50%) 1183 (0.66%) 278 (0.15%) 108 (0.06%) 
Before Federal VMS  207320 (94.93%) 10105 (4.63%) 773 (0.35%) 157 (0.07%) 19 (0.01%) 19 (0.01%) 
At Federal VMS  191042 (84.51%) 33420 (14.78%) 1375 (0.61%) 194 (0.09%) 33 (0.01%) 7 (0.00%) 
After Federal VMS  172431 (86.90%) 25262 (12.73%) 619 (0.31%) 90 (0.05%) 10 (0.01%) 7 (0.00%) 
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Speeding drivers 
 
The primary focus of intervention 1 was to target drivers who were not complying with the 
posted speed limit. This section examines the effect of VMS speed warnings on the behaviour 
of non-complying drivers.  
 
A relatively small proportion of drivers passed the VMS locations within the defined upper 
categories of speeding. Therefore it may be more informative to examine each speeding 
category (i.e., 92-102km/h, 103-110km/h, 111-120km/h, 121-130km/h, and >130km/h) 
separately. As a general rule, the absolute number of higher range speeds detected was less at 
post-VMS locations compared with at-VMS locations. The only site where this did not occur 
was Tuchekoi.  
 
The proportional change in the number of drivers in each speeding category has been 
examined. For this analysis, the speeds at the detection site (upstream) were compared with 
the speeds downstream of the VMS. Overall, there was an increase in the number of drivers 
complying with the speed limit (increase of 8.1%) and a reduction in drivers in the lower 
speeding categories (approximately 25% in categories 1 and 2).  
 
Improvements in speed behaviour were site specific. The proportion of change in drivers 
across all speed categories between At and After locations was calculated (see Figure 17). 
There was a reduction in higher range speeding (>130km/h) in all locations, except Black 
Mountain and Coles Creek. Speeding between 111km/h and 130km/h decreased at 
Traverston, Tuchekoi and Federal. Low range speeding (92km/h – 100km/h) improved at all 
locations except Kybong and Federal (raw figures are contained in Table 9).  
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Figure 17. Representation of the change in drivers‟ speeding behaviour (negative numbers indicate a 
reduction in speeding behaviour identified).  
 
Examination of speed over time 
 
The impact of VMS speed warnings was examined over each week of the experimental data 
collection period. Little variation was observed over the four weeks period at the detection 
point for the 3
rd
 Northbound VMS (see Figure 18). This finding reflects the limited variation 
at all other sites (see Appendix A, Table A1-A4).  Statistical analyses (t-test) found 
significant but small differences in these speed distributions over time.  
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Figure 18. Comparison of speed distributions for Location 3 (Before Tuchekoi). 
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The effect of traffic flow on Speed Profiles (all traffic) 
 
The effect traffic volume had on speed was examined. Speed behaviour was found to vary only in very low traffic volumes (<400vph) (see Table 
10), with little difference in travel speeds at higher traffic volumes. While there was a difference in mean speeds at very low traffic volumes, the 
difference was one of only approximately 2km/h. Traffic flow data were examined in 100vph groups initially. To simplify analysis and 
presentation, these categories were condensed into larger groups (similar smaller traffic flows were grouped together following Kolmogorov-
Sminov analysis of speed distribution).  
 
Table 10. Speed profiles across traffic flow groups. 
 Traffic flow groups 
Location 0-399 400-699 700-999 1000-1200 1300-1799 1800+ 
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 
Before Black Mtn 89.4 90.0 95.0 87.9 88.0 92.0 87.2 88.0 92.0          
At Black Mtn 91.7 91.0 97.0 89.1 89.0 94.0 88.8 89.0 94.0          
After Black Mtn 89.0 88.7 94.6 86.7 87.0 91.7 86.2 86.3 91.0          
Before Tuchekoi 90.0 90.0 95.0 88.0 88.0 93.0 87.3 88.0 92.0    90.4 90.0 96.0    
At Tuchekoi 85.5 86.0 91.0 83.4 84.0 89.0 82.2 83.0 88.0          
After Tuchekoi 88.4 88.3 93.5 86.4 86.7 91.0 86.2 86.4 90.7          
Before Traverston 89.2 89.0 95.0 87.8 88.0 93.0 97.2 88.0 92.0          
At Traverston 89.0 89.0 94.0 87.3 88.0 92.0 87.1 87.0 95.0 87.7 88.0 95.0       
After Traverston 86.6 87.2 92.4 84.8 85.5 90.0 84.5 85.0 89.7          
Before Kybong 84.2 85.0 90.0 83.3 83.0 89.0 82.5 83.0 88.0 81.0 82.0 87.0       
At Kybong 88.6 89.0 94.0 87.8 88.0 93.0 87.4 88.0 92.0          
After Kybong 86.7 86.7 93.5 85.0 85.1 90.9 83.8 83.7 89.6 83.9 83.8 89.6 83.8 83.9 89.5 83.7 83.8 89.2 
Before Coles Ck 89.8 89.0 95.0 87.5 88.0 92.0 86.7 87.0 91.0 83.8 85.0 90.0       
At Coles Ck 91.7 91.0 98.0 90.9 90.0 96.0 91.1 90.0 97.7 91.6 91.0 97.7       
After Coles Ck 89.6 89.0 94.8 87.8 87.4 92.2 86.1 86.4 90.4 85.2 85.9 90.4       
Before Federal 83.6 83.0 91.0 80.5 80.0 86.0 79.2 79.0 85.0 74.8 77.0 82.0       
At Federal 97.1 88.0 94.0 85.5 86.0 91.0 84.9 85.0 90.0          
After Federal 88.2 88.1 93.2 86.6 86.7 91.1 86.1 86.4 90.8 84.1 84.6 89.6       
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‘Free-speed’ speed profile 
 
„Free- speed‟, defined as the speed environment influenced by local road design features 
(local road design features that influence free speeds: grade; sight distance; road curvature; 
roughness), but not by weather and other traffic. For the purpose of this research, a vehicle 
was determined to be exhibiting „free-speed‟ behaviour when a driver has a headway of 5 
seconds or more (a range of values have been used in previous research, ranging from 3 
seconds to 5 seconds
2
).  
 
„Free-speed‟ is a measure of a drivers‟ preferred travel speed. Approximately 40% of the 
observed traffic was found to be travelling at „free-speed‟ (see Figure 19). These are the 
drivers most likely, under the logic employed by the VMS system, to observe a speed 
message.  
 
Figure 19. Proportion of observed drivers travelling at „free-speed‟. 
Speed intervention compared with baseline 
 
Summary speed statistics were compared for „free-speed‟ drivers. These figures showed a 
decrease in mean speed (between 1.2km/h and 5.7km/h), and a reduction in the 85
th
 percentile 
speed (between 1km/h and 5km/h) (refer to Table 11). 
 
Speed distribution patterns also changed for „free-speed‟ drivers. The proportion of drivers 
observing the speed limit was noticeably higher during the intervention at all locations, 
compared with baseline (see Figure 20). The proportion of drivers observed speeding was 
lower across all speed categories (see Table 12).  
                                                 
2
 Dey, P.P., Chandra, S. & Gangopadhaya, S. (2006). Speed Distribution Curves under Mixed Traffic 
Conditions. Journal of Transportation Engineering, 132 (6): 475-481. 
Aarts, L. & van Schagen, I. (2006). Driving speed and the risk of road crashes: A review. Accident Analysis and 
Prevention, 38 (2): 215-224. 
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Table 11. Comparison of baseline and intervention „free-speed‟ summary statistics. 
Location Mean Speed Speed SD SE of Mean Median Minimum Maximum 85
th
 percentile 
At Black Mtn (preVMS) 92.19 6.27 0.03 92 18 165 98 
At Black Mtn 90.0 5.8 0.02 90 4 247 95 
At Tuchekoi (preVMS) 89.12 6.12 0.03 89 34 167 94 
At Tuchekoi 85.9 5.71 0.02 86 20 250 91 
At Traverston (preVMS) 91.35 6.24 0.03 91 15 155 97 
At Traverston 89.11 5.63 0.02 89 18 243 94 
At Kybong (preVMS) 89.73 5.95 0.03 90 27 185 95 
At Kybong 88.53 5.79 0.02 89 1 150 94 
At Coles Ck (preVMS) 94.03 7.62 0.03 93 29 255 101 
At Coles Ck 91.83 6.69 0.02 91 12 255 98 
At Federal (preVMS) 92.13 6.2 0.03 91 17 254 97 
At Federal 86.43 6.76 0.02 86 9 177 92 
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Figure 20. Proportion of drivers travelling at free speed, who are driving at or below the speed limit. 
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Table 12. Comparison of speed distributions at baseline and intervention. 
Location  Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
At Black Mountain Prior to VMS 20085 (51.6%) 16587 (42.6%) 1794 (4.6%) 364 (0.9%) 62 (0.2%) 27 (0.1%) 
VMS  60831 (67.5%) 27080 (30.0%) 1802 (2.0%) 373 (0.4%) 63 (0.1%) 21 (0.0%) 
At Tuchekoi Prior to VMS 27768 (71.8%) 9914 (25.6%) 784 (2.0%) 167 (0.4%) 28 (0.1%) 15 (0.0%) 
VMS  76254 (88.3%) 9486 (11.0%) 528 (0.6%) 96 (0.1%) 21 (0.0%) 9 (0.0%) 
At Traverston Prior to VMS 20831 (52.8%) 16588 (42.1%) 1618 (4.1%) 364 (0.9%) 42 (0.1%) 13 (0.0%) 
VMS  65103 (72.8%) 22757 (25.5%) 1281 (1.4%) 217 (0.2%) 34 (0.0%) 12 (0.0%) 
Southbound Travel 
At Kybong Prior to VMS 27480 (65.6%) 13567 (32.4%) 711 (1.7%) 122 (0.3%) 20 (0.0%) 13 (0.0%) 
VMS  66451 (72.8%) 23831 (26.1%) 839 (0.9%) 113 (0.1%) 11 (0.0%) 6 (0.0%) 
At Coles Creek Prior to VMS 24445 (42.1%) 27200 (46.8%) 4617 (7.9%) 1432 (2.5%) 304 (0.5%) 112 (0.2%) 
VMS  75918 (56.8%) 49631 (37.1%) 5992 (4.5%) 1643 (1.2%) 297 (0.2%) 143 (0.1%) 
At Federal Prior to VMS 21118 (50.8%) 18526 (44.5%) 1540 (3.7%) 347 (0.8%) 55 (0.1%) 22 (0.1%) 
VMS  77868 (81.3%) 16683 (17.4%) 1021 (1.1%) 162 (0.2%) 31 (0.0%) 7 (0.0%) 
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Site Specific Statistics 
 
Descriptive statistics demonstrated that „free-speed‟ was lower after the VMS for all locations 
except Federal. Mean speed was between 2-4 km/h lower after the VMS. There was also a 
corresponding decrease in the 85
th
 percentile speed (see Table 13).  
 
 
Table 13. Summary speed statistics for „free-speed‟ travel across the study site  
Location Mean 
Speed 
Speed 
SD 
SE of 
Mean 
Median Minimum Maximum 85
th
 
percentile 
Before Black Mtn 89.32 5.21 0.02 89 7 204 94 
At Black Mtn 90.00 5.8 0.02 90 4 247 95 
After Black Mtn 87.53 5.82 0.02 87.4 7.9 159.1 92.4 
Before Tuchekoi 90.14 6.05 0.02 90 9 252 95 
At Tuchekoi 85.91 5.71 0.02 86 20 250 91 
After Tuchekoi 87.33 7.14 0.02 87.4 13.8 150.9 92.3 
Before Traverston 89.12 6.7 0.02 89 25 217 95 
At Traverston 89.11 5.63 0.02 89 18 243 94 
After Traverston 85.97 7.3 0.03 86.7 11.8 149.8 91.7 
Before Coles Ck 89.32 5.77 0.02 89 13 224 94 
At Coles Ck 91.83 6.69 0.02 91 12 255 98 
After Coles Ck 89.35 6.17 0.02 88.6 12 155 94 
Before Kybong 85.22 6.33 0.02 86 1 131 91 
At Kybong 88.53 5.79 0.02 89 1 150 94 
After Kybong 84.69 6.39 0.02 84.5 10.4 130.9 90.9 
Before Federal 82.97 6.66 0.02 82 5 228 89 
At Federal 86.43 6.76 0.02 86 9 177 92 
After Federal 87.79 5.25 0.02 87.7 10.6 145.7 92.4 
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The mean speed of drivers travelling at „free-speed‟ was slightly higher than the mean speed 
recorded for the overall traffic stream (see Figure 21). While statistically significant, there 
was little real difference observed between overall mean speed and the calculated mean speed 
for vehicles travelling at „free-speed‟ thus traffic flow had negligible impact on driver speed 
on the section of road examined.  
 
 
Figure 21. Comparison between overall and „free-speed‟ mean speed 
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Speed distribution 
 
The distribution of drivers across the speeding categories is presented in Table 14. An 
increase in driver compliance, and corresponding decrease in non-compliance, was observed 
when comparing upstream (VMS detection site) data with downstream (post-VMS) data (see 
Figure 22). The trend is more noticeable for northbound traffic, with the proportion of drivers 
complying increasing by 10% or more. There was less change for southbound traffic, with a 
decrease in the proportion of drivers not speeding occurring at Federal.  
 
  
Figure 22. Proportion of drivers travelling a „free-speed‟ complying with posted speed limit 
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Table 14. Speed distribution of drivers travelling at „free-speed‟ across the study site.  
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 64077 (72.08%) 23720 (26.68%) 899 (1.01%) 160 (0.18%) 28 (0.03%) 13 (0.01%) 
At Black Mountain 60831 (67.46%) 27080 (30.03%) 1802 (2.00%) 373 (0.41%) 63 (0.07%) 21 (0.02%) 
After Black Mountain 53181 (83.37%) 9835 (15.42%) 591 (0.93%) 145 (0.23%) 28 (0.04%) 7 (0.01%) 
Before Tuchekoi 55960 (66.86%) 24868 (29.71%) 2286 (2.73%) 472 (0.56%) 85 (0.10%) 26 (0.03%) 
At Tuchekoi 76254 (88.26%) 9486 (10.98%) 528 (0.61%) 96 (0.11%) 21 (0.02%) 9 (0.01%) 
After Tuchekoi 70972 (83.54%) 13048 (15.36%) 735 (0.87%) 149 (0.18%) 40 (0.05%) 14 (0.02%) 
Before Traverston 60755 (69.19%) 24718 (28.15%) 1907 (2.17%) 371 (0.42%) 45 (0.05%) 15 (0.02%) 
At Traverston 65103 (72.82%) 22757 (25.45%) 1281 (1.43%) 217 (0.24%) 34 (0.04%) 12 (0.01%) 
After Traverston 69891 (86.12%) 10702 (13.19%) 503 (0.62%) 54 (0.07%) 4 (0.00%) 3 (0.00%) 
Southbound Travel 
Before Kybong 77533 (88.17%) 10003 (11.38%) 332 (0.38%) 56 (0.06%) 9 (0.01%) 1 (0.00%) 
At Kybong 66451 (72.82%) 23831 (26.12%) 839 (0.92%) 113 (0.12%) 11 (0.01%) 6 (0.01%) 
After Kybong 141404 (88.81%) 16834 (10.57%) 836 (0.53%) 130 (0.08%) 22 (0.01%) 0 (0.00%) 
Before Coles Creek 60011 (72.84%) 20327 (24.67%) 1522 (1.86%) 416 (0.50%) 77 (0.09%) 36 (0.04%) 
At Coles Creek 75918 (56.81%) 49631 (37.14%) 5992 (4.48%) 1643 (1.23%) 297 (0.22%) 143 (0.11%) 
After Coles Creek 55138 (76.10%) 15167 (20.93%) 1484 (2.05%) 495 (0.68%) 129 (0.18%) 45 (0.06%) 
Before Federal 71912 (90.51%) 6722 (8.46%) 645 (0.81%) 141 (0.18%) 16 (0.02%) 16 (0.02%) 
At Federal 77868 (81.31%) 16683 (17.42%) 1021 (1.07%) 162 (0.17%) 31 (0.02%) 7 (0.01%) 
After Federal 59118 (83.12%) 11458 (16.11%) 458 (0.64%) 76 (0.11%) 8 (0.01%) 3 (0.0%) 
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INTERVENTION 2: Headway messaging 
 
Summary statistics 
 
Headway intervention compared with baseline 
 
The headway distributions across the entire segment were analysed to compare baseline data 
with intervention data.  
 
The differences across VMS locations between baseline and intervention data were 
examined. Only data from the at-VMS detector was used for this analysis, as downstream 
data was not available for the baseline data period.  
 
Across the whole segment, the proportion of drivers travelling at or above 2 seconds 
increased during the intervention period. The average number of drivers per day in each 
headway category was examined (see Table 15). Headway was categorised into 5 time 
intervals (0.00-0.69s; 0.70-0.99s; 1.00-1.99s; 2.00-4.99s; ≥5.00s). Headway intervals <2 
seconds were defined as “too short”. There was a shift in headway distribution, with the 
greatest change being thereduction of drivers in the two shortest headway categories. It is 
important to note that the extent of these changes may be skewed by the overall reduction in 
average traffic travelling over the road segment during this intervention.  
 
Table 15. Average vehicles per day travelling in headway categories (whole road segment). 
Headway values (in seconds) Baseline Intervention Change 
(proportion) 
0.01s-0.69s 543 (6.95%) 297 (4.35%) -45.3% 
0.70s-0.99s 791 (10.13%) 615 (9.00%) -22.3% 
1.00s-1.99s 1,725 (22.08%) 1,696 (24.82%) -1.6%* 
2.00s-4.99s 1,437 (18.39%) 1,406 (20.57%) -2.2% 
5.0s+ 3,316 (42.45%) 2,820 (41.26%) -15.0% 
Total vehicles per day 7,812 6,834 -12.5% 
*The change in this category was not significant 
 
 
 
When individual sites were examined, there was a consistent improvement in the number of 
drivers with increased headway. As a result, there was a corresponding decrease in the drivers 
falling within each of the “too short headway” (less than 2 seconds) categories (see Figure 23 
and Table 16). Chi-square tests for headway distributions showed the distribution was 
statistically different across all 6 sites (Black Mountain, Traverston, Tuchekoi, Coles Creek, 
Kybong and Federal (p<0.001), with the proportion of drivers travelling with a headway less 
than 1s decreasing following the introduction of the headway message intervention upon the 
VMSs. The largest reduction occurred in the 0.01-0.69s headway band.   
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Figure 23. Comparing baseline and intervention speed distribution over drivers exceeding the speed limit. 
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Table 16. Headway distribution by location, comparing baseline and intervention across the study site. 
Location  0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-2.99s 3.00-3.99s 4.00-4.99s 5.00s+ 
Northbound Travel 
At Black Mountain Prior to VMS 8019 (7.8%) 11620 (11.3%) 26215 (25.4%) 10254 (9.9%) 5018 (4.9%) 3238 (3.1%) 38919 (37.7%) 
 VMS  14799 (5.9%) 25579 (10.3%) 65664 (26.3%) 26761 (10.7%) 12981 (5.2%) 8549 (3.4%) 94966 (38.1%) 
At Tuchekoi Prior to VMS 6419 (6.6%) 11441 (11.8%) 23903 (24.6%) 8233 (8.5%) 4863 (5.0%) 3828 (3.9%) 38676 (39.7%) 
 VMS  10123 (4.3%) 22755 (9.7%) 63024 (27.0%) 24587 (10.5%) 13006 (5.9%) 9502 (4.1%) 90411 (38.7%) 
At Traverston Prior to VMS 6573 (6.7%) 10696 (10.9%) 22862 (22.3%) 8732 (8.9%) 5434 (5.5%) 4342 (4.4%) 39446 (40.2%) 
 VMS  10599 (4.8%) 21196 (9.7%) 54084 (24.7%) 21741 (9.9%) 12838 (5.9%) 9712 (4.4%) 88435 (40.5%) 
Southbound Travel 
At Kybong Prior to VMS 5828 (5.9%) 9846 (9.9%) 22215 (22.4%) 9347 (9.4%) 5697 (5.7%) 4510 (4.5%) 41913 (42.2%) 
 VMS  10709 (4.6%) 20851 (9.0%) 52307 (22.7%) 22796 (9.9%) 14022 (6.1%) 10527 (4.6%) 99696 (43.2%) 
At Coles Creek Prior to VMS 8254 (7.3%) 7764 (6.9%) 17788 (15.8%) 9859 (8.7%) 6568 (5.8%) 4591 (4.1%) 58110 (51.5%) 
 VMS  5510 (3.9%) 7738 (5.4%) 20512 (14.4%) 13019 (9.1%) 9298 (6.5%) 6874 (4.8%) 79803 (55.9%) 
At Federal Prior to VMS 7279 (7.4%) 10333 (10.5%) 21527 (21.9%) 8599 (8.7%) 5121 (5.2%) 3834 (3.9%) 41608 (42.3%) 
 VMS  12562 (5.3%) 22375 (9.4%) 54671 (22.9%) 23508 (9.9%) 13758 (5.8%) 10044 (4.2%) 101636 (42.6%) 
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Headway intervention 
 
Summary statistics 
 
During the headway message intervention period (intervention 2), the mean headway 
recorded over the entire road segment was 12.12s (Range=0.01s to 96818.00s). Mean 
headway was examined across detection locations (upstream, at VMS, and downstream). The 
lowest mean headway (and 85
th
 percentile speed) was recorded downstream of the VMS (see 
Table 17). Median headway values were greater at VMS and downstream locations compared 
with before the VMS. There were differences in driver headway behaviour between 
northbound and southbound traffic, with southbound traffic having an overall larger headway 
(see Table 18).  
 
Table 17. Summary headway descriptives for Before, At and Downstream locations for all detectors 
across the whole road segment. 
 Mean Headway 
(s) 
SD Median 15
th
 
percentile 
Minimum Maximum 
Before VMS 11.34 27.43 2.90 0.9 0.01 1674.70 
At VMS 12.10 29.98 3.30 1.0 0.01 3223.30 
After VMS 13.18 135.58 3.20 1.0 0.01 96818.00 
 
 
Table 18. Summary headway descriptives for Northbound and Southbound traffic (whole road 
segment). 
 Mean Headway 
(s) 
SD Median 15
th
 
percentile 
Minimum Maximum 
Northbound 11.81 88.08 3.00 1.0 0.01 96818.00 
Southbound 12.42 61.85 3.30 1.0 0.01 40701.00 
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The following analyses will only examine drivers with a headway less than 5 seconds. It is 
determined that a headway greater than 5 seconds indicates no interaction with other vehicles. 
Interacting vehicles were found to have a mean headway was examined across detection 
locations (upstream, at VMS, and downstream). The largest mean headway (and 85
th
 
percentile speed) was recorded downstream of the VMS (see Table 19). Median headway 
values were greater at VMS and downstream locations compared with before the VMS. There 
was little difference in driver headway behaviour between northbound and southbound traffic 
(see Table 20).  
 
Table 19. Summary headway descriptives for all Upstream, At and Downstream locations for all 
detectors across the whole road segment. 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Before VMS 1.76 1.11 1.40 0.8 
At VMS 1.82 1.12 1.50 0.8 
After VMS 1.93 1.07 1.60 0.9 
 
 
Table 20. Summary headway descriptives for Northbound and Southbound traffic across the whole 
road segment. 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Northbound Traffic 1.80 1.10 1.50 0.8 
Southbound Traffic 1.86 1.11 1.50 0.8 
 
There was an observed general trend of increasing headways at downstream locations, and to 
a lesser degree each successive upstream location, for the northbound traffic as drivers moved 
through the three locations (see Figure 24  and Figure 25). There was no consistent trend for 
southbound traffic. No clear incremental benefit could be observed across either series of 
three VMS, but each sign did result in an improvement in headway behaviour. This finding 
may be a result of several factors that are difficult to control for, including road geometry and 
roadworks.   
 
The data indicates that mean and median headway is generally greatest after the VMS, 
although with exceptions at some VMS locations. Downstream headway improved across all 
locations compared with upstream (detection site for message initiation). However, mean 
headway did not follow the general pattern of increasing across the site at Coles Creek, where 
the largest mean headway was observed at the sign location before decreasing again at the 
downstream location. Median headway followed a similar pattern to mean headway, although 
median headway was slightly lower than mean headway across all sites. There were small 
increases in the 15
th
 percentile headway measure at the downstream locations (except for 
Black Mountain), bringing it closer, but still below, the recommended headway (see  
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Table 21). Other factors, such as road works or road geometry may be influencing individual 
sites.  
 
 
 
Figure 24. Mean headway measures across all locations.  
 
 
 
Figure 25. Median headway measures across all locations. 
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Table 21. Descriptive statistics of headway based on the entire traffic flow across the study site. 
Location Mean 
Headway (s) 
Headway SD SE of Mean Median 15
th
 
percentile 
Northbound 
Before Black Mtn 1.73 1.04 0.003 1.4 0.8 
At Black Mtn 1.71 1.05 0.003 1.4 0.8 
After Black Mtn 1.79 1.05 0.003 1.5 0.8 
 
Before Tuchekoi 1.74 1.12 0.003 1.4 0.7 
At Tuchekoi 1.79 1.08 0.003 1.4 0.8 
After Tuchekoi 1.97 1.06 0.008 1.7 1.0 
 
Before Traverston 1.80 1.15 0.003 1.4 0.8 
At Traverston 1.81 1.13 0.003 1.5 0.8 
After Traverston 2.14 1.15 0.004 1.9 1.0 
 
Southbound 
Before Kybong 1.83 1.11 0.003 1.5 0.8 
At Kybong 1.86 1.15 0.003 1.5 0.8 
After Kybong 1.92 1.04 0.003 1.6 0.9 
 
Before Coles Ck 1.78 1.09 0.003 1.4 0.8 
At Coles Ck 2.08 1.24 0.005 1.8 0.8 
After Coles Ck 1.87 1.03 0.003 1.6 0.9 
 
Before Federal 1.67 1.12 0.003 1.3 0.7 
At Federal 1.81 1.13 0.003 1.5 0.8 
After Federal 2.03 1.08 0.003 1.8 1.0 
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Headway intervention compared with baseline 
 
To compare intervention and baseline data, only measurements taken at the VMS were 
considered. Downstream monitoring was not conducted during the baseline period. 
 
Over the entire road segment, the mean and median headway measures decreased during the 
intervention (compared with baseline), with this difference being statistically significant 
(p<0.001).  
 
Compared with baseline data, post-intervention data shows that mean headway was 
significantly greater after the installation of the VMS. Mean headway increased by between 
0.06s and 0.24s (see Figure 26 and Table 22), a statistically significant change. However, due 
to the nature of the headway variable, it may be more appropriate to examine the median 
headway values. Median headway increased between 0.10s and 0.30s (see Figure 27) 
between baseline and intervention time periods and this chance was statistically significant 
for all locations (p<0.001). 
 
 
Figure 26. Comparison of mean headway between baseline and intervention. 
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Figure 27. Comparison of median headway between baseline and intervention. 
Table 22. Descriptive statistics of headway for traffic flow (headway <5s), comparing baseline and 
intervention data.  
Location Mean Headway 
(s) 
SD SE of Mean Median 15
th
 
percentile 
At Black Mtn (preVMS) 1.63 1.05 0.004 1.3 0.7 
At Black Mtn 1.71 1.05 0.003 1.4 0.8 
At Tuchekoi (preVMS) 1.67 1.10 0.005 1.3 0.7 
At Tuchekoi 1.79 1.08 0.003 1.4 0.8 
At Traverston (preVMS) 1.73 1.15 0.005 1.3 0.7 
At Traverston 1.81 1.13 0.003 1.5 0.8 
At Kybong (preVMS) 1.80 1.16 0.005 1.4 0.7 
At Kybong 1.86 1.15 0.003 1.5 0.8 
At Coles Ck (preVMS) 1.84 1.22 0.005 1.5 0.6 
At Coles Ck 2.08 1.24 0.005 1.8 0.8 
At Federal (preVMS) 1.70 1.13 0.005 1.3 0.7 
At Federal 1.81 1.13 0.003 1.5 0.8 
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Headway distributions 
 
The headway message intervention was not designed to impact on drivers who were already 
complying (i.e., VMS‟s were activated and displayed messages only in instances where a 
vehicle was less than 2s behind the vehicle in front). As such, examining headway 
distributions provides a greater understanding of the impact of the intervention. It also 
provides greater detail about the proportion of drivers who engaged in dangerous following 
behaviours, and the impact the intervention had on these drivers.  
Headway intervention 
 
All drivers  
 
Headway distributions for all traffic were examined. Categorical headway variables were 
then analysed. These categories are based on the headway categories used to model possible 
impacts of the VMS messaging in an earlier stage of the project (refer to “Effects of speeding 
and headway related signs on driver behaviour: An interim report” sent to TMR 28 May 
2010).  
 
To further examine the differences found in headway behaviour, due to the disparities in data 
collection periods, the average number of drivers (per day) in each category was calculated. 
The average observations were calculated for baseline and intervention datasets. During the 
baseline recording period, there were on average 46,870 observations per day on the road 
segment, while the during intervention period 47,838 observations per day. Assuming that the 
vehicles entering the road segment, completed the segment (and no new drivers entered the 
road segment) there were approximately 7,811 vpd (vehicles per day) during the baseline 
period and 6,847 vpd during the intervention period. These traffic volume figures represent a 
significant reduction in traffic volume between baseline to the intervention periods. 
 
Across the entire road segment, 61.81% of drivers had a headway of 2s or more. The total 
number of drivers are reported (and percentage), as is the average number of drivers per day 
(see Table 23). 
 
Table 23. Headway profile across the whole road segment. 
Headway category Frequency (%) Average vpd 
0.01 – 0.69s 162,170 (4.32%) 297 
0.70 – 0.99s 335,724 (9.00%) 615 
1.00 – 1.99s 926,199 (24.82%) 1696 
2.00 – 4.99s 767,617 (20.57%) 1406 
5.0+s 1,539,732 (41.26%) 2820 
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Due to the variability in headways recorded across sites, this data is also presented. The 
greatest proportion of drivers across locations had a safe headway (≥2s) (see Figure 28 and 
Table 24).   
 
 
Figure 28. Proportion of drivers in each headway category. 
 
 Table 24. Counts of vehicles in each headway category across all sites in the field study. 
e 0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 12482 (4.85%) 25517 (9.92%) 70140 (27.27%) 49599 (19.29%) 99437 (38.67%) 
At Black Mountain 14799 (5.93%) 25579 (10.26%) 65664 (26.34%) 48291 (19.37%) 94966 (38.09%) 
After Black Mountain 9670 (4.18%) 22188 (9.58%) 62081 (26.80%) 48696 (21.03%) 88976 (38.42%) 
Before Tuchekoi 11566 (6.12%) 20670 (10.94%) 46695 (24.72%) 36728 (19.45%) 73204 (38.76%) 
At Tuchekoi 10123 (1.34%) 22755 (9.75%) 63024 (27.0%) 47095 (20.18%) 14133 (38.74%) 
After Tuchekoi 446 (1.31%) 2237 (6.56%) 9363 (27.45%) 7925 (23.24%) 14133 (41.44%) 
Before Traverston 12334 (5.23%) 23988 (10.16%) 57172 (24.23%) 47696 (20.21%) 94814 (40.18%) 
At Traverston 10599 (4.85%) 21196 (9.7%) 54084 (24.74%) 44291 (2026%) 88435 (40.45%) 
After Traverston 1801 (1.14%) 7410 (4.71%) 29508 (18.74%) 34419 (21.85%) 84356 (53.56%) 
Southbound Travel 
Before Kybong 10504 (4.47%) 20779 (8.84%) 57148 (24.32%) 47998 (20.43%) 98518 (41.93%) 
At Kybong 10709 (4.64%) 20851 (9.03%) 52307 (22.65%) 47345 (20.5%) 99696 (43.18%) 
After Kybong 3146 (1.43%) 16801 (7.63%) 60968 (27.7%) 49138 (22.32%) 90084 (40.92%) 
Before Coles Creek 11761 (5.31%) 21092 (9.53%) 55272 (24.96%) 44028 (19.89%) 89259 (40.31%) 
At Coles Creek 5510 (3.86%) 7738 (5.42%) 20512 (14.37%) 29191 (20.45%) 79803 (55.9%) 
After Coles Creek 3234 (1.64%) 15090 (7.63%) 57254 (29.04%) 41199 (20.89%) 80424 (40.73%) 
Before Federal 17042 (7.19%) 27583 (11.36%) 52988 (22.35%) 40825 (17.22%) 98605 (41.6%) 
At Federal 12562 (5.27%) 22375 (9.38%) 54671 (22.92%) 47310 (19.83%) 101636 (42.61%) 
After Federal 3882 (1.92%) 11925 (5.9%) 57348 (28.39%) 55843 (27.65%) 72975 (36.13%) 
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Drivers with too-short headways 
 
The primary focus of this intervention (intervention 2) was to target drivers who wee not 
complying with the time value chosen as the cut-off messaging (2 seconds). This section 
specifically examines the effect of VMS headway warnings on the behaviour of non-
complying drivers.  
 
As a general rule, the absolute number of short headways detected was less at post-VMS 
locations compared with at-VMS locations. In addition, the proportional change in the 
number of drivers in each short headway category has been examined. For this analysis, 
headway at the detection site (upstream) was compared with headway downstream of the 
VMS. Overall, there was a reduction in the number of drivers with headways less than 1 
second (reduction of 22.22%), and an increase in the number of drivers with a headway of 
1.0-1.99 seconds (approximately 12%).  
 
Improvements in headway behaviour were site-specific (see Figure 29). There was a 
reduction in extremely short headways (0.01s-0.69s) in all locations, with the reduction being 
smallest at Black Mountain. There were smaller proportional reductions in headways of 0.7s-
0.99s at all locations. There were reductions in the proportion of drivers travelling at a 
headway of 1.0s-1.99s at Black Mountain and at Traverston. At all other locations there was 
increase in the number of drivers with a headway in this range (raw figures are contained in 
Table 24). This finding may be a result of drivers having an extremely short headway 
increasing their headway, but not to the advised 2s.  
 
 
Figure 29. Representation of the change in drivers‟ headway behaviour (negative numbers indicate a 
reduction in headway behaviour identified).  
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Examination of headway over time 
 
The impact of VMS headway warnings was examined over each week of the experimental 
data collection period. This analysis was conducted to assess any impact of habituation or 
incremental change with exposure to the messaging. Little variation was observed over the 
four week period at the detection point for the 3
rd
 Northbound VMS (see Figure 30). This 
finding reflects the limited variation at all other sites (see Appendix B, Table B1-B4).  
Statistical analyses (chi-square test) found significant but small differences in these headway 
distributions over time.  
 
 
 
Figure 30. Comparison of headway distributions for Location 3 (Before Traverston). 
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The effect of traffic flow on Headway Profiles (all traffic) 
 
The effect traffic volume had on headway was examined. Headway behaviour was found to 
vary across traffic volumes (see Table 25). Headway was noticeably higher for very low 
traffic volumes (both in median and mean values). As vehicles per hour increased above 400, 
the headway decreased (but median values remained above the safe 2s at all locations). 
Headway values were more likely to be shorter (with the median being at or below 2 seconds) 
when traffic volume was 700-999vph.  
 
Table 25. Headway profiles across traffic flow groups. 
 Traffic flows 
Location 0-399 400-699 700-999 
 Mean Median 15
th
 Mean Median 15
th
 Mean Median 15
th
 
Before Black Mtn 26.23 10.0 1.3 6.40 2.20 0.9 4.98 1.80 0.9 
At Black Mtn 26.06 9.60 1.3 6.37 2.10 0.9 4.45 1.70 0.9 
After Black Mtn 25.96 9.40 1.2 6.58 2.30 0.9 4.57 1.90 0.9 
Before Tuchekoi 27.03 8.10 1.2 6.62 2.50 0.9 4.61 1.70 0.9 
At Tuchekoi 24.93 7.10 1.2 6.48 2.40 0.9 4.55 4.70 0.9 
After Tuchekoi 19.11 6.70 1.4 8.55 3.90 1.2    
Before Traverston 26.46 7.80 1.2 6.67 2.20 0.8 4.61 1.60 0.8 
At Traverston 25.30 7.50 1.3 6.61 2.20 0.9 4.62 1.70 0.9 
After Traverston 36.79 7.10 1.4 7.38 2.70 1.1 4.94 2.10 1.0 
Before Kybong 25.32 8.20 1.2 6.81 2.30 0.9 4.43 1.70 0.8 
At Kybong 19.54 6.90 1.3 9.09 4.10 1.1    
After Kybong 29.13 8.30 1.3 7.06 2.40 1.1 4.56 1.90 1.0 
Before Coles Ck 27.04 9.50 1.3 6.54 2.60 0.9 4.53 1.90 0.9 
At Coles Ck 26.89 9.60 1.3 6.57 2.80 0.9 4.52 2.00 0.9 
After Coles Ck 26.48 9.80 1.5 6.78 2.50 1.1 4.60 2.00 1.0 
Before Federal 26.13 9.80 1.2 6.53 2.30 0.8 4.51 1.70 0.7 
At Federal 26.36 10.2 1.3 6.53 2.70 0.9 4.48 1.90 0.8 
After Federal 32.53 7.20 1.4 6.96 2.50 1.2 4.57 2.10 1.1 
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INTERVENTION 3: Speed and Headway messaging 
Analysis of Speeding Behaviour 
 
Summary statistics for the all vehicles 
 
Speed intervention compared with baseline 
 
The speed distributions were analysed to compare baseline data with intervention data. The 
differences across VMS locations between baseline and intervention data were examined to 
compare intervention and baseline data, only measurements taken at the VMS were 
considered. Downstream monitoring was not conducted during the baseline period. 
 
Over the entire road segment, mean speed was reduced during the intervention (compared 
with baseline), with a mean speed of 90.3 km/h during baseline and 86.7 km/h during the 
intervention. This difference was statistically significant (p<0.001).  
 
Compared with the baseline data, intervention 3 data showed that mean speed was 
significantly reduced (p<0.001). Mean speed was reduced by between 1.9 and 4.4 km/h (see 
Figure 31), with the mean speed falling below the posted speed limit of 90km/h at all but one 
location (Coles Creek). The 85
th
 percentile speed was also reduced at all locations by between 
1 and 4 kilometres per hour (see Table 26).   
 
 
 
 
Figure 31. Comparison of mean speed between baseline and intervention periods, at-VMS. 
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Table 26. Descriptive statistics of speed for entire traffic flow, comparing baseline and intervention 
data. 
Location Mean Speed 
(km/h) 
SD SE of 
Mean 
Median Minimum Maximum 85
th
 
percentile 
At Black Mtn (preVMS) 91.5 6.06 0.02 91.0 18 165 97 
At Black Mtn 88.1 6.04 0.01 88.0 26 199 94 
At Tuchekoi (preVMS) 86.4 6.48 0.02 86 23 167 92 
At Tuchekoi 81.9 6.86 0.01 82.0 29 219 88 
At Traverston (preVMS) 90.0 6.21 0.02 90.0 15 155 95 
At Traverston 86.6 7.45 0.02 87.0 1 241 92 
At Kybong (preVMS) 89.1 5.71 0.02 89 27 185 94 
At Kybong 87.5 6.27 0.01 88 1 198 93 
At Coles Ck (preVMS) 93.2 7.17 0.02 92.0 16 255 99 
At Coles Ck 91.1 5.92 0.02 90 25 255 96 
At Federal (preVMS) 91.2 5.86 0.02 91.0 17 254 96 
At Federal 87.5 6.08 0.01 88 6 252 93 
 
 
To further examine the differences found in speeding behaviour, due to the disparities in data 
collection periods, the average number of drivers (per day) in each category was calculated. 
The average observations were calculated for baseline and intervention datasets. During the 
baseline recording period, there were, on average, 46,870 observations per day on the road 
segment, while during the intervention period there were 116,204 observations per day. 
Assuming that the vehicles entering the road segment, completed the segment (and no new 
drivers entered the road segment) there were approximately 7,811 vpd (vehicles per day) 
during the baseline period and 8,205 vpd during the intervention period. These traffic volume 
figures represent an increase in traffic volume between baseline and intervention periods. 
 
Across the whole segment, the proportion of drivers complying with the speed limit increased 
during the intervention period. The average number of drivers per day in each category was 
examined (see Table 27). There was a significant increase in the number of drivers not 
speeding, and a decrease in the number of drivers in all speeding categories.  
 
Table 27. Average vehicles per day travelling in speed categories (whole road segment). 
 Baseline Intervention Proportional 
improvement 
Not speeding (<92km/h) 4770 (61.05%) 6568 (80.04%) 37.7% 
Speeding category 1 (92-102 km/h) 2763 (35.37%) 1526 (18.59%) -44.8% 
Speeding category 2 (103-110 km/h) 220 (2.81%) 63 (0.76%) -71.6% 
Speeding category 3 (111-120 km/h) 49 (0.62%) 48 (0.58%) -2.7% 
Speeding category 4 (121-130 km/h) 8 (0.10%) 1 (0.01%) -85.0% 
Speeding category 5 (>130 km/h) 3 (0.04%) 1 (0.01%) -70.0% 
Total 7812 8206  
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When individual sites were examined, there was a consistent improvement in the number of 
drivers complying with the posted speed limit. As a result, there was a corresponding 
decrease in the drivers falling within each of the speeding categories (see Figure 32 and Table 
27). Chi-square tests for speeding distributions showed the distribution was statistically 
different for Black Mountain, Traverston, Tuchekoi, Coles Creek,  Kybong and Federal 
(p<0.001), with speeding decreasing following the introduction of speed and headway 
messaging. The largest difference is present in speed categories 1 through to 3 inclusive (i.e., 
92-102km/h, 103-110km/h and 111-120km/h categories) (see Figure 32 and Table 28). This 
finding may be a residual effect of the low absolute numbers of drivers travelling in the high-
range speeding categories. 
 
Figure 32. Comparing baseline and intervention speed distribution over drivers exceeding the speed 
limit. 
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Table 28. Counts of vehicles by Speed distribution and location, comparing baseline and intervention across the study site. 
Location  Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
At Black Mountain Prior to VMS  5421 (52.5%) 45348 (43.9%) 3131 (3.0%) 492 (0.5%) 71 (0.1%) 28 (0.0%) 
 VMS  157825 (63.3%) 86350 (34.6%) 4562 (1.8%) 478 (0.2%) 65 (0.0%) 19 (0.0%) 
At Tuchekoi Prior to VMS 80619 (82.8%) 15491 (15.9%) 1007 (1.0%) 201 (0.2%) 29 (0.0%) 15 (0.0%) 
 VMS  209517 (71.1%) 57951 (9.5%) 1261 (0.5%) 270 (0.1%) 53 (0.0%) 48 (0.0%) 
At Traverston Prior to VMS 62937 (64.2%) 32235 (32.9%) 2373 (2.4%) 475 (0.5%) 49 (0.0%) 16 (0.0%) 
 VMS  155497 (89.8%) 57951 (26.5%) 4134 (1.9%) 813 (0.4%) 123 (0.0%) 87 (0.0%) 
Southbound Travel 
At Kybong Prior to VMS 68688 (69.1%) 29391 (29.6%) 1080 (1.1%) 160 (0.2%) 23 (0.0%) 14 (0.0%) 
 VMS  166861 (72.3%) 61960 (26.8%) 1850 (0.8%) 218 (0.1%) 17 (0.0%) 2 (0.0%) 
At Coles Creek Prior to VMS 51058 (45.2%) 52145 (46.2%) 7176 (6.4%) 2026 (1.8%) 289 (0.3%) 140 (0.1%) 
 VMS  78899 (55.3%) 58754 (41.2%) 4215 (2.9%) 724 (0.1%) 83 (0.0%) 79 (0.1%) 
At Federal Prior to VMS 54514 (55.5%) 40892 (41.6%) 2377 (2.4%) 429 (0.4%) 64 (0.1%) 25 (0.0%) 
 VMS  161925 (67.9%) 73422 (30.8%) 2793 (1.2%) 358 (0.1%) 28 (0.0%) 18 (0.0%) 
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Effect of Combined Speed and Headway Intervention on Speed  
 
During the intervention period, the mean speed recorded over the entire road segment was 
86.6 km/h. Mean speed was examined across detection locations (upstream, at VMS, and 
downstream). The lowest mean speed, median speed and 85
th
 percentile speed was recorded 
downstream of the VMS (see Table 29). Downstream mean and median speeds were lower 
than those at earlier sites and the findings were statistically significant (p<0.001). There was 
statistical, but not a practically meaningful, difference in driver speed behaviour between 
northbound and southbound traffic (see Table 30).  
 
Table 29. Summary speed (km/h) descriptives for Upstream, At and Downstream sites for all 
detectors across the whole road segment. 
 Mean Speed SD Median 85
th
 percentile 
Before VMS 86.99 6.92 88.0 93.0 
At VMS 86.66 7.16 87.0 93.0 
After VMS 84.29 9.41 85.7 91.1 
 
Table 30. Summary speed descriptives for Northbound and Southbound traffic (whole road segment). 
 Mean Speed SD Median 85
th
 percentile 
Northbound Traffic 86.55 7.58 87.0 92.6 
Southbound Traffic 86.61 7.12 87.0 92.1 
 
 
When individual sites were examined, downstream speeds were lower, compared with 
upstream speeds, at all locations except Federal. However, there was no overall trend in 
decreasing vehicle speeds as drivers progressed through the three northbound and southbound 
sites. This finding may be a result of several factors that are difficult to control for, including 
road geometry and roadworks. 
 
The data indicates that mean speed was generally lowest after the VMS, although this finding 
was not found across all VMS locations. Mean speed was lower after the VMS compared 
with the at-VMS mean speeds for all locations except Tuchekoi and Traverston. In general, 
there was a 2 to 6km/h reduction in mean speed (see Figure 33). There was a similar 
reduction in the 85
th
 percentile speed measure, bringing it closer to the posted speed limit (see 
Table 31).  
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Figure 33. Mean speed measures across all locations.  
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Table 31. Descriptive statistics of the entire traffic flow across the study site. 
Location Mean Speed 
(km/h) 
Speed SD SE of 
Mean 
Median Minimum 
Speed 
Maximum 
Speed 
85
th
 
percentile 
Northbound 
Before Black Mtn 87.9 5.59 0.01 88.0 24.0 248.0 93.0 
At Black Mtn 88.1 6.04 0.01 88.0 26.0 199.0 94.0 
After Black Mtn 83.7 11.94 0.07 86.5 27.5 198.0 92.6 
 
Before Tuchekoi 87.3 7.00 0.01 88.0 9.0 183.0 93.0 
At Tuchekoi 81.9 6.86 0.01 82.0 29.0 219.0 88.0 
After Tuchekoi 84.6 13.59 0.06 88.1 5.6 152.8 93.0 
 
Before Traverston 87.9 7.59 0.02 88.0 1.0 255.0 94.0 
At Traverston 86.6 7.45 0.02 87.0 1.0 241.0 92.0 
After Traverston 86.7 8.69 0.03 87.7 5.0 185.4 92.3 
 
Southbound 
Before Kybong 86.6 7.53 0.02 87.0 1.0 197.0 92.0 
At Kybong 87.5 6.27 0.01 88.0 1.0 198.0 93.0 
After Kybong 80.1 7.81 0.03 80.2 5.5 136.0 86.6 
 
Before Coles Ck 87.6 6.74 0.01 88.0 1.0 186.0 93.0 
At Coles Ck 91.1 5.92 0.02 90.0 25.0 255.0 96.0 
After Coles Ck 84.9 5.90 0.02 85.5 5.9 169.9 90.0 
 
Before Federal 84.2 6.43 0.01 84.0 22.0 237.0 90.0 
At Federal 87.5 6.08 0.01 88.0 6.0 252.0 93.0 
After Federal 85.7 10.69 0.08 87.0 12.7 199.1 92.3 
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Speed distributions 
 
The intervention was not designed to impact on drivers who are already complying with the 
posted speed limit (i.e., VMS‟s are activated and display messages only in instances where a 
vehicle was exceeding the posted speed limit). As such, examining speed distributions 
provides a greater understanding of the impact of the intervention. It also provides greater 
detail about the proportion of drivers who engage in high range speeding violations, and the 
impact the intervention has on these drivers.  
Speed intervention 
All drivers  
 
Speed distributions for all traffic were examined. Categorical speed variables were then 
analysed. These categories are based on the message hierarchy described in the Functional 
Specification document.  
 
Across the entire road segment, 80.0% of drivers were travelling at or below the posted speed 
limit (with 2 km/h buffer). The total number of drivers, as well as the average number of 
drivers per day, in each speeding category is presented in Table 32. 
 
Table 32. Speed profile across the whole road segment. 
 Frequency Percent Average vehicles per 
day 
Not speeding (<92km/h) 2,883,376 80.0 6,480 
Speeding category 1 (92-102 km/h) 669,769 18.6 1,505 
Speeding category 2 (10333-110 km/h) 27,419 0.8 62 
Speeding category 3 (111-120 km/h) 20,855 0.6 47 
Speeding category 4 (121-130 km/h) 515 0.0 1 
Speeding category 5 (>130 km/h) 407 0.0 1 
 
Due to the variability in speeds recorded across sites, site data are also presented. The 
majority of drivers observed at the six locations were complying with the posted speed limit 
(see Figure 34). The proportion of drivers recorded speeding, by speeding severity, is 
presented in Figures 30-35 (note the differences in y value, which change due to the large 
variation across speed categories). The proportions of drivers recorded travelling 121-
130km/h and >130km/h are low. The higher proportion of drivers driving in speed category 3 
and 5 at downstream sites may be a residual of the data issues (reported earlier). The absolute 
numbers are presented in Table 33.   
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Figure 34. Proportion of drivers observed complying with the posted speed limit. 
 
 
 
Figure 35. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 92 and 102km/h. 
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Figure 36 . Proportion of drivers observed not complying with the posted speed limit, travelling 
between 93 and 110km/h. 
 
 
Figure 37. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 111 and 120km/h. 
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Figure 38. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 121 and 130km/h (515 drivers, from 3,602,341 total observed vehicles). 
 
 
Figure 39. Proportion of drivers observed not complying with the posted speed limit, travelling 
between 131km/h or faster (407 drivers, from 3,602,341 total observed vehicles).  
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Table 33. Speeding distributions across all sites in the field study. 
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 202354 (77.4%) 57962 (22.2%) 1020 (0.4%) 136 (0.1%) 21 (0.0%) 15 (0.0%) 
At Black Mountain 206166 (74.9%) 66448 (24.1%) 2438 (0.9%) 256 (0.1%) 28 (0.0%) 12 (0.0%) 
After Black Mountain 19349 (78.3%) 3868 (15.7%) 214 (0.9%) 1169 (4.7%) 17 (0.1%) 84 (0.3%) 
Before Tuchekoi 233269 (77.6%) 62644 (20.8%) 4074 (1.4%) 849 (0.3%) 77 (0.0%) 25 (0.0%) 
At Tuchekoi 242900 (94.8%) 12743 (4.9%) 434 (0.2%) 77 (0.0%) 10 (0.0%) 9 (0.0%) 
After Tuchekoi 36819 (73.9%) 9772 (19.6%) 262 (0.5%) 2938 (5.9%) 3 (0.0%) 2 (0.0%) 
Before Traverston 188833 (74.9%) 58862 (23.4%) 3606 (1.4%) 658 (0.3%) 65 (0.0%) 15 (0.0%) 
At Traverston 208729 (82.5%) 41938 (16.6%) 1923 (0.8%) 296 (0.1%) 37 (0.0%) 14 (0.0%) 
After Traverston 91621 (77.6%) 19239 (16.3%) 551 (0.5%) 6609 (5.6%) 2 (0.0%) 2 (0.0%) 
Southbound Travel 
Before Kybong 195112 (79.9%) 48202 (19.7%) 853 (0.4%) 85 (0.0%) 10 (0.0%) 2 (0.0%) 
At Kybong 189293 (78.1%) 51636 (21.3%) 1219 (0.5%) 120 (0.1%) 15 (0.0%) 2 (0.0%) 
After Kybong 89311 (95.8%) 2808 (3.0%) 100 (0.1%) 1057 (1.1%) 1 (0.0%) 1 (0.0%) 
Before Coles Creek 315421 (78.8%) 80113 (20.1%) 4041 (1.0%) 673 (0.2%) 98 (0.0%) 43 (0.0%) 
At Coles Creek 87518 (59.1%) 56379 (38.1%) 3535 (2.4%) 587 (0.4%) 61 (0.0%) 75 (0.1%) 
After Coles Creek 129547 (89.5%) 10685 (7.4%) 440 (0.3%) 4122 (2.9%) 17 (0.0%) 11 (0.1%) 
Before Federal 230674 (88.7%) 28232 (10.9%) 975 (0.4%) 125 (0.1%) 12 (0.0%) 11 (0.0%) 
At Federal 201558 (77.9%) 55398 (21.4%) 1623 (0.6%) 210 (0.1%) 22 (0.0%) 11 (0.0%) 
After Federal 14902 (79.1%) 2840 (15.1%) 111 (0.6%) 888 (4.7%) 19 (0.0%) 73 (0.4%) 
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Speeding drivers 
 
The focus of this intervention (intervention 3) was to target drivers who were not complying 
with the posted speed limit or who were following too closely. However, when a vehicle was 
both speeding and following too closely, speeding messages had priority. This section 
examines the effect of VMS speed message interventions on the behaviour of drivers who 
were not complying with the speed limit.  
 
A relatively small proportion of drivers passed the VMS locations within the defined upper 
categories of speeding. Therefore it may be more informative to examine each speeding 
category (i.e., 92-102km/h, 103-110km/h, 111-120km/h, 121-130km/h, and >130km/h) 
separately. As a general rule, the absolute number of higher range speeds detected was less at 
post-VMS locations compared with at-VMS locations. However, this tendency was not 
observed at Black Mountain and Federal sies. These sites were the most effected by data 
issues outlined in Data Collection (pg. 5). 
 
The proportional change in the number of drivers in each speeding category has been 
examined. For this analysis, the speeds at the detection site (upstream) were compared with 
the speeds downstream of the VMS. Overall, there was an increase in drivers complying with 
the speed limit (increase of 5.3%) and a reduction in drivers in the lower speeding categories 
(approximately 9% in categories 1 and 2).  
 
In relation to speeding behaviour, improvements were site specific (see Table 34). There was 
a reduction in higher range speeding (>130km/h) at Tuchekoi, Traverston and Coles Creek. 
Low range speeding (92km/h – 100km/h) improved at all locations except Federal (raw 
figures are contained in Table 33).  
 
 
Table 34. Representation of the change in drivers‟ speeding behaviour (negative numbers indicate a 
reduction in speeding behaviour identified).  
 
 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Black Mountain -29.3 128.4 -68.9 9360 3300 
Tuchekoi -5.76 -60.74 2007 -33.3 -50 
Traverston -30.12 -67.3 2045 -92.3 -66.7 
Kybong -84.7 -69.3 3128.6 -75 37.5 
Coles Creek -63.13 -48.9 -69.9 1594 -27.27 
Federal 38.9 57.1 8597.9 1920 9600 
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Examination of speed over time 
 
The impact of the combined VMS speed and headway message intervention on speed 
behaviour was examined over each week of the experimental data collection period. Little 
variation was observed over the four week period at the detection point for the 3
rd
 
Northbound VMS, as this was the only site with complete data across four weeks (see Figure 
40). The slightly higher level of compliance during week 1 may be explained by the fact that 
this was a holiday period. During holiday periods, different drivers could be driving on that 
section of road, and they may be exposed to more enforcement activities. This finding reflects 
the limited variation at all other sites (see Appendix C, Table C1-C4) except Black Mountain 
and Federal (the two sites with the most affected by the documented data issues).  Statistical 
analyses (chi-square) found significant but small differences in these speed distributions over 
time.  
 
 
 
Figure 40. Comparison of speed distributions for Location 3 (Before Tuchekoi). 
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The effect of traffic flow on Speed Profiles (all traffic) 
 
The influence of traffic volume on speed was examined. Speed behaviour was found to vary according to traffic volumes (<400vph) (see Table 
35). Again, the overall speed profile was site-dependent. To simplify analysis and presentation, these categories were condensed into larger 
groups (similar smaller traffic flows were grouped together following Kolmogorov-Sminov analysis of speed distribution). This analysis 
demonstrated that all measures of speed (median, mean and 85
th
 percentile) decreased as traffic volume increased.  
 
Table 35. Speed profiles across traffic flow groups. 
 Traffic flows 
Location 0-399 400-699 700-999 1000-1200 1300-1799 1800+ 
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 Mean Median 85
th
 
Before Black Mtn 89.5 90.0 95.0 88.0 88.0 93.0 87.3 88.0 92.0 86.2 87.0 91.0 83.9 85.0 90.0    
At Black Mtn 90.8 90.0 97.0 87.9 88.0 93.0 87.2 88.0 92.0 86.6 67.0 92.0 86.2 87.0 91.0 85.7 86.0 91.0 
After Black Mtn 91.7 90.0 96.9 81.4 85.4 91.7 83.4 86.0 91.5          
Before Tuchekoi 90.0 90.0 96.0 87.3 88.0 93.0 86.8 87.0 92.0 86.8 87.0 93.0 85.0 86.0 92.0    
At Tuchekoi 84.7 85.0 91.0 81.8 82.0 88.0 80.1 81.0 87.0 79.3 80.0 86.0 75.2 76.0 83.0    
After Tuchekoi 76.6 87.4 94.1 88.1 88.3 92.7 87.8 87.8 92.2          
Before Traverston 88.5 95.0 95.0 88.2 88.0 93.0 87.3 88.0 92.0 84.6 86.0 91.0 82.0 85.0 91.0    
At Traverston 87.1 88.0 94.0 86.9 87.0 92.0 85.7 86.0 91.0 84.9 86.0 91.0 80.7 84.0 89.0    
After Traverston 87.0 88.2 92.9 86.5 87.1 91.5 82.3 85.9 90.5          
Before Kybong 86.2 88.0 94.0 87.0 88.0 92.0 86.5 87.0 92.0 85.5 86.0 91.0 81.5 84.0 91.0    
At Kybong 87.6 88.0 94.0 87.6 88.0 93.0 87.5 88.0 93.0 86.8 87.0 92.0 84.3 87.0 92.0    
After Kybong 82.0 81.5 88.7 80.5 80.2 86.4 80.6 80.4 86.1 74.2 77.9 83.9 74.9 78.3 84.3    
Before Coles Ck 90.9 90.0 97.0 87.7 88.0 93.0 87.8 88.0 92.0 86.7 87.0 92.0 86.2 87.0 92.0 86.0 87.0 92.0 
At Coles Ck 91.0 90.0 96.0 91.1 91.0 96.0             
After Coles Ck 87.9 87.6 82.9 85.2 85.5 89.5 84.5 84.8 88.9 75.8 81.4 86.7 75.6 80.7 86.5    
Before Federal 85.1 85.0 92.0 84.1 84.0 90.0 83.8 84.0 90.0 83.7 84.0 90.0 84.7 83.0 89.0    
At Federal 89.6 90.0 95.0 86.9 88.0 92.0 87.5 88.0 92.0 87.4 88.0 92.0 87.1 88.0 92.0    
After Federal 89.6 89.4 95.0 86.8 87.1 91.8 86.2 86.5 91.1          
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‘Free-speed’ speed profiles 
 
„Free-speed‟ is a measure of a driver‟s preferred travel speed. Approximately 37% of the 
observed traffic was found to be travelling at free speed during intervention 3 (see Figure 41). 
These are the drivers most likely, under the logic employed by the VMS system, to observe a 
speed message.  
 
Figure 41. Proportion of observed drivers travelling at „free-speed‟. 
Speed intervention compared with baseline for ‘free-speed’ drivers 
 
Summary speed statistics were compared for „free-speed‟ drivers. These figures showed a 
decrease in mean speed (between 1.7km/h and 3.8km/h) and a reduction in the 85
th
 percentile 
speed (between 2km/h and 5km/h) (refer to Table 36). 
 
Speed distribution patterns also changed for „free-speed‟ drivers. The proportion of drivers 
observing the speed limit was noticeably higher during the intervention at all locations, 
compared with baseline (see Figure 42). The proportion of drivers observed speeding was 
lower across all speed categories (see Table 37).  
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Table 36. Comparison of baseline and intervention „free-speed‟ summary statistics. 
Location Mean Speed (km/h) Speed SD SE of Mean Median Minimum Maximum 85
th
 percentile 
At Black Mtn (preVMS) 92.19 6.27 0.03 92 18 165 98 
At Black Mtn 89.17 5.75 0.02 89 26 199 94 
At Tuchekoi (preVMS) 89.12 6.12 0.03 89 34 167 94 
At Tuchekoi 85.34 5.79 0.02 86 29 165 90 
At Traverston (preVMS) 91.35 6.24 0.03 91 15 155 97 
At Traverston 88.70 7.62 0.03 89 1 147 94 
At Kybong (preVMS) 89.73 5.95 0.03 90 27 185 95 
At Kybong 88.02 6.56 0.02 88 1 198 93 
At Coles Ck (preVMS) 94.03 7.62 0.03 93 29 255 101 
At Coles Ck 91.23 5.89 0.02 90 25 241 96 
At Federal (preVMS) 92.13 6.2 0.03 91 17 254 97 
At Federal 88.76 5.83 0.02 89 6 252 94 
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Figure 42. Proportion of drivers travelling at „free-speed‟ who were driving at or below the speed 
limit. 
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Table 37. Comparison of speed distributions at baseline and intervention, for drivers travelling at „free-speed‟. 
Location  Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
At Black Mountain Prior to VMS 20085 (51.6%) 16587 (42.6%) 1794 (4.6%) 364 (0.9%) 62 (0.2%) 27 (0.1%) 
VMS  67962 (71.7%) 24969 (26.4%) 1553 (1.6%) 211 (0.2%) 26 (0.0%) 11 (0.0%) 
At Tuchekoi Prior to VMS 27768 (71.8%) 9914 (25.6%) 784 (2.0%) 167 (0.4%) 28 (0.1%) 15 (0.0%) 
VMS  77996 (89.3%) 8892 (10.2%) 337 (0.4%) 63 (0.1%) 8 (0.0%) 6 (0.0%) 
At Traverston Prior to VMS 20831 (52.8%) 16588 (42.1%) 1618 (4.1%) 364 (0.9%) 42 (0.1%) 13 (0.0%) 
VMS  66504 (73.0%) 22976 (25.2%) 1358 (1.5%) 230 (0.3%) 31 (0.0%) 8 (0.0%) 
Southbound Travel 
At Kybong Prior to VMS 27480 (65.6%) 13567 (32.4%) 711 (1.7%) 122 (0.3%) 20 (0.0%) 13 (0.0%) 
VMS  71511 (75.4%) 22403 (23.6%) 807 (0.9%) 99 (0.1%) 13 (0.0%) 2 (0.0%) 
At Coles Creek Prior to VMS 24445 (42.1%) 27200 (46.8%) 4617 (7.9%) 1432 (2.5%) 304 (0.5%) 112 (0.2%) 
VMS  46371 (59.2%) 28964 (37.0%) 2392 (3.1%) 459 (0.6%) 48 (0.1%) 31 (0.0%) 
At Federal Prior to VMS 21118 (50.8%) 18526 (44.5%) 1540 (3.7%) 347 (0.8%) 55 (0.1%) 22 (0.1%) 
VMS  70342 (73.1%) 24598 (25.5%) 1158 (1.2%) 165 (0.2%) 21 (0.0%) 9 (0.0%) 
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Site Specific Statistics 
 
Descriptive statistics demonstrated that „free-speed‟ was lower after the VMS for all locations 
except Federal. Mean speed was between 2-4 km/h lower after the VMS. There was also a 
corresponding decrease in the 85
th
 percentile speed (see Table 38).  
 
Table 38. Summary speed statistics for „free-speed‟ travel across the study site.  
Location Mean 
Speed 
Speed 
SD 
SE of 
Mean 
Median Minimum Maximum 85
th
 
percentile 
Before Black Mtn 89.38 5.02 0.02 90.0 24 217 94.0 
At Black Mtn 89.17 5.75 0.02 89.0 26 199 94.0 
After Black Mtn 85.57 12.26 0.14 87.5 27.5 193.1 93.0 
Before Tuchekoi 89.95 6.74 0.02 90.0 12 183 96.0 
At Tuchekoi 85.34 5.79 0.02 86.0 29 165 90.0 
After Tuchekoi 82.50 16.79 0.12 88.1 9.4 152.8 93.5 
Before Traverston 89.42 8.39 0.03 90.0 1 146 95.0 
At Traverston 88.70 7.62 0.03 89.0 1 147 94.0 
After Traverston 87.12 9.34 0.04 88.3 8.6 139.6 93.0 
Before Kybong 87.73 8.03 0.03 89.0 1 126 94.0 
At Kybong 88.02 6.56 0.02 88.0 1 198 93.0 
After Kybong 81.34 7.04 0.04 80.8 5.7 136 87.9 
Before Coles Ck 89.47 5.94 0.02 89.0 1 186 95.0 
At Coles Ck 91.23 5.89 0.02 90.0 25 241 96.0 
After Coles Ck 87.13 6.29 0.03 87.1 6.2 169.9 91.6 
Before Federal 84.88 6.43 0.02 85.0 34 215 91.0 
At Federal 88.76 5.83 0.02 89.0 6 252 94.0 
After Federal 87.56 11.88 0.15 88.1 36.1 199.1 93.9 
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The mean speed of drivers travelling at „free-speed‟ was slightly higher than the mean speed 
recorded for the overall traffic stream (see Figure 43). The absolute difference in the mean 
speed of the overall traffic flow and „free-speed‟ drivers ranged from 0.13 km/h to 3.4 km/h. 
These differences were site-specific, and statistically significant, although at most locations 
the proximity of other drivers had minimal impact on driver speed on the section of road 
examined.  
 
 
 
 
Figure 43. Comparison between overall and „free-speed‟ mean speed. 
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Speed distribution 
 
The distribution of drivers across the speeding categories is presented in Table 39. An 
increase in driver compliance, and corresponding decrease in non-compliance, was observed 
(see Figure 44). The trend was more noticeable for northbound traffic, with the proportion of 
drivers complying with the speed limit increasing by 5% or more. There was less change for 
southbound traffic, with a decrease in the proportion of drivers not speeding occurring at 
Federal.  
 
 
  
Figure 44. Proportion of drivers travelling at „free-speed‟ complying with posted speed limit. 
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Table 39. Speed distribution of drivers travelling at „free-speed‟ across the study site.  
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 
(103-110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 
(121-130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 64257 (71.22%) 25086 (27.81%) 732 (0.81%) 116 (0.13%) 21 (0.02%) 9 (0.01%) 
At Black Mountain 67962 (71.74%) 24969 (26.36%) 1553 (1.64%) 211 (0.22%) 25 (0.03%) 11 (0.01%) 
After Black Mountain 6224 (76.13%) 1307 (15.99%) 120 (1.47%) 450 (5.50%) 13 (0.16%) 62 (0.76%) 
Before Tuchekoi 68074 (65.05%) 32936 (31.47%) 2883 (2.76%) 661 (0.63%) 70 (0.07%) 22 (0.02%) 
At Tuchekoi 77996 (89.34%) 8892 (10.19%) 337 (0.39%) 63 (0.07%) 8 (0.01%) 6 (0.01%) 
After Tuchekoi 13880 (72.42%) 3971 (20.72%) 189 (0.99%) 1122 (5.85%) 30 (0.02%) 2 (0.01%) 
Before Traverston 59505 (64.97%) 29109 (31.78%) 2425 (2.65%) 490 (0.53%) 54 (0.06%) 7 (0.01%) 
At Traverston 66504 (73.00%) 22976 (25.22%) 1358 (1.49%) 230 (0.25%) 31 (0.03%) 8 (0.01%) 
After Traverston 43886 (73.70%) 1544 (19.39%) 450 (0.76%) 3667 (6.16%) 2 (0.00%) 1 (0.00%) 
Southbound Travel 
Before Kybong 67836 (73.23%) 24097 (26.01%) 622 (0.67%) 65 (0.07%) 8 (0.01%) 0 (0.00%) 
At Kybong 71511 (75.41%) 22403 (23.62%) 807 (0.85%) 99 (0.10%) 13 (0.01%) 2 (0.00%) 
After Kybong 30132 (93.14%) 1616 (4.99%) 81 (0.25%) 522 (1.61%) 1 (0.00%) 1 (0.00%) 
Before Coles Creek 102787 (70.89%) 38464 (26.53%) 3034 (2.09%) 575 (0.40%) 91 (0.06%) 39 (0.03%) 
At Coles Creek 46371 (59.25%) 28964 (37.01%) 2392 (3.06%) 459 (0.59%) 48 (0.06%) 31 (0.04%) 
After Coles Creek 40623 (82.38%) 6199 (12.57%) 369 (0.75%) 2093 (4.24%) 15 (0.03%) 10 (0.02%) 
Before Federal 82185 (85.90%) 12688 (13.26%) 680 (0.71%) 102 (0.11%) 11 (0.01%) 7 (0.01%) 
At Federal 70342 (73.05%) 24598 (25.54%) 1158 (1.20%) 165 (0.17%) 21 (0.02%) 9 (0.01%) 
After Federal 4479 (72.28%) 1245 (20.09%) 82 (1.32%) 330 (5.33%) 11 (0.18%) 50 (0.81%) 
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Analysis of Headway Behaviour 
Speed and Headway message intervention compared with baseline 
 
The headway distributions were analysed to compare baseline data with intervention data. 
The differences across VMS locations between baseline and intervention data were 
examined. To compare intervention and baseline data, only measurements taken at the VMS 
were considered as downstream monitoring was not conducted during the baseline period. 
 
Over the entire road segment, the mean and median headway measures decreased during the 
intervention (compared with baseline), with this difference being statistically significant 
(p<0.001).  Mean headway was reduced by between 0.06s and 1.17s (see Figure 45). 
However, due the nature of the headway variable, it may be more appropriate to examine the 
median headway values. There was a small but statistically significant (p<0.001) decrease in 
median headway between baseline and intervention across all sites except Coles Creek (see 
Figure 46 and Table 40). 
 
 
 
Figure 45. Comparison of mean headway, at-VMS, between baseline and intervention. 
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Figure 46. Comparison of median headway, at-VMS, between baseline and intervention. 
 
Table 40. Descriptive statistics of headway for entire traffic flow, comparing baseline and intervention 
data. 
 
Location Mean 
(km/h) 
SD SE of 
Mean 
Median Minimum Maximum 15
th
 
percentile 
At Black Mtn (preVMS) 10.50 24.64 0.077 2.4 0.00 950.50 0.8 
At Black Mtn 9.52 24.19 0.05 2.3 0 1269.1 0.9 
At Tuchekoi (preVMS) 11.15 26.34 0.084 2.7 0.00 906.30 0.9 
At Tuchekoi 10.07 26.08 0.05 2.3 0 1292.8 0.9 
At Traverston (preVMS) 10.67 25.65 0.092 3.0 0.00 974.80 0.9 
At Traverston 10.18 26.17 0.05 2.5 0 1324.4 0.9 
At Kybong (preVMS) 10.93 26.08 0.083 3.3 0.00 1055.40 0.9 
At Kybong 10.31 26.15 0.05 3 0 1025 1.0 
At Coles Ck (preVMS) 18.64 40.25 0.12 5.4 0.00 1632.80 1.0 
At Coles Ck 17.1 41.5 0.11 5.6 0 2960.4 1.2 
At Federal (preVMS) 10.92 25.42 0.081 3.2 0.00 929.60 0.9 
At Federal 9.94 25.61 0.05 2.7 0 2262.7 1.0 
 
The next analyses examined the following behaviours of drivers determined to be interacting 
with other vehicles (i.e., a headway of less than 5 seconds). Over the entire road segment, the 
mean and median headway measures increased slightly during the intervention (compared 
with baseline). The mean headway measures increased from 1.72s to 1.79s which was 
statistically significant (p<0.001), and median headway measures increased from 1.4s to 1.5s, 
with this difference being statistically significant (p<0.001). There was an increase in mean 
headway at all locations during intervention 3, compared with baseline. This difference 
ranged from 0.1s to 0.3s (see Figure 47 and Table 41). However, due the nature of the 
headway variable, it may be more appropriate to examine the median headway values. There 
was a small but statistically significant (p<0.001) increase in median headway between 
baseline and intervention across all sites, ranging from 0.1s to 0.3s (see Figure 48). 
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Figure 47. Comparison of mean headway of drivers with headway <5.0s, at-VMS, between baseline 
and intervention. 
 
 
Figure 48. Comparison of median headway of drivers with headway <5.0s, at-VMS, between baseline 
and intervention. 
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Table 41. Descriptive statistics of headway for drivers with headway <5.0s, comparing baseline and 
intervention data. 
 
Location Mean 
(km/h) 
SD SE of 
Mean 
Median 15
th
 
percentile 
At Black Mtn (preVMS) 1.63 1.05 0.004 1.3 0.7 
At Black Mtn 1.70 1.05 0.002 1.4 0.7 
At Tuchekoi (preVMS) 1.67 1.10 0.005 1.3 0.7 
At Tuchekoi 1.75 1.10 0.003 1.4 0.8 
At Traverston (preVMS) 1.73 1.15 0.005 1.3 0.7 
At Traverston 1.75 1.10 0.003 1.4 0.8 
At Kybong (preVMS) 1.80 1.16 0.005 1.4 0.7 
At Kybong 1.86 1.14 0.003 1.5 0.8 
At Coles Ck (preVMS) 1.84 1.22 0.005 1.5 0.6 
At Coles Ck 2.09 1.24 0.005 1.8 0.8 
At Federal (preVMS) 1.70 1.13 0.005 1.3 0.7 
At Federal 1.81 1.10 0.003 1.5 0.8 
 
 
Across the whole segment, the proportion of drivers complying increased during the 
intervention period. The average number of drivers per day in each headway category was 
examined (see Table 42). There was a noticeable reduction in the number of drivers with 
extremely short headways (less than 1 second), and a decrease in the number of drivers in all 
but one of the “too short headway” categories. 
 
Table 42. Average vehicles per day travelling in headway categories (whole road segment). 
 Baseline Intervention Proportional 
improvement 
Headway 0.0-0.69s 543 (7.0%) 412 (5.0%) -28.6% 
Headway 0.70-0.99s 791 (10.1%) 827 (10.1%) 0% 
Headway 1.00-1.99s 1,725 (22.1%) 2196 (26.8%) 21.3% 
Headway 2.00-4.99s 1,437 (18.4%) 1724 (21.0%) 14.1% 
Headway 5.00s+ 3,316 (42.5%) 3046 (37.1%) -12.7% 
Total 7812 8206  
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When individual sites were examined, there was a consistent improvement in the number of 
drivers with increased headway. As a result, there was a corresponding decrease in the drivers 
with a headway less than 0.7s (see Figure 49 and Table 43). Chi-square tests for headway 
distributions showed the distribution was statistically different across all 6 sites (p<0.001). 
There was no change in the proportion of drivers with a headway of 0.7-0.99s, and an 
increase in the proportion of drivers with a headway of 1.0-1.99s.   
 
 
 
Figure 49. Comparing baseline and intervention headway distribution over drivers. 
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Table 43. Speed distribution by location, comparing baseline and intervention across the study site. 
Location  0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-2.99s 3.00-3.99s 4.00-4.99s 5.00s+ 
Northbound Travel 
At Black Mountain Prior to VMS 8019 (7.8%) 11620 (11.3%) 26215 (25.4%) 10254 (9.9%) 5018 (4.9%) 3238 (3.1%) 38919 (37.7%) 
 VMS  14799 (5.9%) 25579 (10.3%) 65664 (26.3%) 26761 (10.7%) 12981 (5.2%) 8549 (3.4%) 94966 (38.1%) 
At Tuchekoi Prior to VMS 6419 (6.6%) 11441 (11.8%) 23903 (24.6%) 8233 (8.5%) 4863 (5.0%) 3828 (3.9%) 38676 (39.7%) 
 VMS  10123 (4.3%) 22755 (9.7%) 63024 (27.0%) 24587 (10.5%) 13006 (5.9%) 9502 (4.1%) 90411 (38.7%) 
At Traverston Prior to VMS 6573 (6.7%) 10696 (10.9%) 22862 (22.3%) 8732 (8.9%) 5434 (5.5%) 4342 (4.4%) 39446 (40.2%) 
 VMS  10599 (4.8%) 21196 (9.7%) 54084 (24.7%) 21741 (9.9%) 12838 (5.9%) 9712 (4.4%) 88435 (40.5%) 
Southbound Travel 
At Kybong Prior to VMS 5828 (5.9%) 9846 (9.9%) 22215 (22.4%) 9347 (9.4%) 5697 (5.7%) 4510 (4.5%) 41913 (42.2%) 
 VMS  10709 (4.6%) 20851 (9.0%) 52307 (22.7%) 22796 (9.9%) 14022 (6.1%) 10527 (4.6%) 99696 (43.2%) 
At Coles Creek Prior to VMS 8254 (7.3%) 7764 (6.9%) 17788 (15.8%) 9859 (8.7%) 6568 (5.8%) 4591 (4.1%) 58110 (51.5%) 
 VMS  5510 (3.9%) 7738 (5.4%) 20512 (14.4%) 13019 (9.1%) 9298 (6.5%) 6874 (4.8%) 79803 (55.9%) 
At Federal Prior to VMS 7279 (7.4%) 10333 (10.5%) 21527 (21.9%) 8599 (8.7%) 5121 (5.2%) 3834 (3.9%) 41608 (42.3%) 
 VMS  12562 (5.3%) 22375 (9.4%) 54671 (22.9%) 23508 (9.9%) 13758 (5.8%) 10044 (4.2%) 101636 (42.6%) 
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Speed and headway message intervention 
 
During  intervention 3, the mean headway recorded over the entire road segment was 11.06s 
(Range = 0.00s-89156.00s). Mean headway was examined across detection locations 
(upstream, at VMS, and downstream). The highest mean headway and 15
th
 percentile 
headway was recorded downstream of the VMS (see Table 44). Median headway values were 
greater at VMS and downstream locations compared with before the VMS. There were 
differences in driver speed behaviour between northbound and southbound traffic, with 
southbound traffic having an overall larger headway (see Table 45).  
 
Table 44. Summary headway descriptives for Upstream, At and Downstream locations (whole road 
segment). 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Before VMS 11.34 27.43 2.90 0.9 
At VMS 12.10 29.98 3.30 0.9 
After VMS 13.18 135.58 3.20 1.1 
 
Table 45. Summary headway descriptives for Northbound and Southbound traffic (whole road 
segment). 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Northbound Traffic 11.18 150.99 2.50 0.9 
Southbound Traffic 10.94 28.49 2.80 1.0 
 
 
There was an observed general trend of increasing headways at downstream locations for all 
northbound locations. There was also a small but progressive increase in headway as drivers 
progressed through the three northbound locations. There was no consistent trend for 
southbound traffic. This may be a result of several factors, that are difficult to control for, 
including road geometry and roadworks. 
 
The data indicates that mean and median headway was generally greatest after the VMS, 
except for a couple of sites. Increased downstream headway did not occur at Kybong or Coles 
Creek. However, mean headway was greater after the VMS compared with the at-VMS 
means speed for all locations except Kybong and Coles Creek (see Figure 50). In general, 
there was a 0.1s-2.6s reduction in median headway (see Figure 51). There was a similar 
increase in the 85
th
 percentile speed measure, bringing it closer to the recommended 
following gap (see Table 46). Other factors, such as the data issues that occurred during 
intervention 3 for the downstream sites (outlined in Data Collection), road works or road 
geometry may be influencing individual sites.  
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Figure 50. Mean headway measures across all locations3.  
 
 
 
Figure 51. Median headway measures across all locations. 
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Table 46. Headway descriptive statistics of the entire traffic flow across the study site. 
Location Mean Headway SD SE of 
Mean 
Median Minimum Maximum 
 
15
th
 
percentile 
Northbound 
Before Black Mtn 9.55 24.51 0.05 2.2 0.00 1271.0 0.9 
At Black Mtn 9.52 24.19 0.05 2.3 0.00 1269.1 0.9 
After Black Mtn 37.79 1171.98 7.56 2.3 0.00 89156.0 1.0 
  
Before Tuchekoi 10.26 26.29 0.05 2.3 0.00 1290.0 0.9 
At Tuchekoi 10.07 26.08 0.05 2.3 0.00 1292.8 0.9 
After Tuchekoi 24.38 329.95 1.48 2.8 0.00 51218.0 1.1 
 
Before Traverston 10.29 26.39 0.05 2.5 0.00 1322.5 0.9 
At Traverston 10.18 26.17 0.05 2.5 0.00 1324.4 0.9 
After Traverston 16.36 58.99 0.17 5.1 0.00 13560.0 1.3 
 
Southbound 
Before Kybong 10.23 25.79 0.05 2.8 0.00 1021.7 1.0 
At Kybong 10.31 26.15 0.05 3.0 0.00 1025.0 1.0 
After Kybong 10.38 27.58 0.09 2.5 0.00 1076.0 1.1 
 
Before Coles Ck 11.02 27.17 0.04 2.5 0.00 1287.7 1.0 
At Coles Ck 17.10 41.50 0.11 5.6 0.00 2960.4 1.2 
After Coles Ck 10.39 26.31 0.07 2.4 0.00 1122.4 1.1 
 
Before Federal 9.95 25.73 0.05 2.5 0.00 2267.3 0.8 
At Federal 9.94 25.61 0.05 2.7 0.00 2262.7 1.0 
After Federal 12.31 61.79 0.45 2.6 0.00 6412.8 1.2 
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Due to the large range of headways displayed by drivers along the segment (see Table 47), 
the previous analyses were conducted for drivers who were deemed to be interacting with 
other traffic (had a headway of less than 5 seconds). Mean and median headway was 
generally higher after the VMS signs, while the difference in mean headway upstream and at-
VMS was similar. There was a small (0.07s), but statistically significant difference in mean 
headway between northbound and southbound traffic (see Table 48).  
 
Table 47. Summary headway descriptives for Upstream, At and Downstream locations for all 
detectors across the whole road segment. 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Before VMS 1.74 1.08 1.4 0.8 
At VMS 1.79 1.11 1.5 0.8 
After VMS 1.93 1.06 1.6 0.9 
 
 
Table 48. Summary headway descriptives for Northbound and Southbound traffic (whole road 
segment). 
 Mean Headway 
(s) 
SD Median 15
th
 percentile 
Northbound Traffic 1.75 1.08 1.4 0.8 
Southbound Traffic 1.82 1.10 1.5 0.8 
 
 
There was an observed general trend of increasing headways at downstream locations for all 
northbound locations. There was also a small but progressive increase in headway as drivers 
continued along the segment through the three northbound locations. There was no consistent 
trend for southbound traffic. This may be a result of several factors, that are difficult to 
control for, including road geometry and roadworks. 
 
When each location was examined, the data indicates that mean and median headway was 
greatest after the VMS for all locations except for Coles Creek. At locations except Coles 
Creek there was a 0.1s to 0.2s increase in mean headway (see Figure 52), and an increase of 
0.1s to 0.3s in median headway (see Figure 53). There was a similar increase in the 85
th
 
percentile speed measure, bringing it closer to the recommended following gap (see Table 
49). Other factors, such as road works or road geometry may be influencing individual sites.  
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Figure 52. Mean headway measures across all locations.  
 
 
Figure 53. Median headway measures across all locations. 
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Table 49. Descriptive statistics of drivers with headways <5.0s across the study site. 
Location Mean 
Headway (s) 
Headway SD SE of 
Mean 
Median 15
th
 
percentile 
Northbound 
Before Black Mtn 1.71 1.03 0.002 1.4 0.8 
At Black Mtn 1.70 1.05 0.002 1.4 0.7 
After Black Mtn 1.81 1.03 0.008 1.5 0.9 
 
Before Tuchekoi 1.70 1.10 0.003 1.3 0.7 
At Tuchekoi 1.75 1.06 0.003 1.4 0.8 
After Tuchekoi 1.86 1.10 0.006 1.6 0.9 
 
Before Traverston 1.75 1.12 0.003 1.4 0.8 
At Traverston 1.75 1.10 0.003 1.4 0.8 
After Traverston 2.12 1.16 0.005 1.8 1.0 
 
Southbound  
Before Kybong 1.84 1.10 0.003 1.5 0.8 
At Kybong 1.86 1.14 0.003 1.5 0.8 
After Kybong 1.91 1.03 0.004 1.6 1.0 
 
Before Coles Ck 1.77 1.06 0.002 1.5 0.8 
At Coles Ck 2.09 1.25 0.005 1.8 0.8 
After Coles Ck 1.84 1.00 0.003 1.5 0.9 
 
Before Federal 1.67 1.10 0.003 1.3 0.7 
At Federal 1.81 1.10 0.003 1.5 0.8 
After Federal 2.04 1.05 0.009 1.8 1.0 
 
Headway distributions 
 
The intervention was not designed to impact on drivers who were already complying (i.e., 
VMS‟s were activated and displayed messages only in instances where a vehicle was less 
than 2s behind the vehicle in front and not speeding). As such, examining headway 
distributions provides a greater understanding of the impact of the intervention. It also 
provides greater detail about the proportion of drivers who engage in dangerous following 
behaviours, and the impact the intervention has on these drivers.  
Headway message intervention 
 
Headway distributions for all traffic were examined. Categorical headway variables were 
then analysed. These categories are based on the headway categories used to model possible 
impacts in an earlier stage of the project. .  
 
To further examine the differences found in headway behaviour, due to the disparities in data 
collection periods, the average number of drivers (per day) in each category was calculated. 
The average observations were calculated for baseline and intervention datasets. During the 
baseline recording period, there were on average 46,870 observations per day on the road 
segment, while the during intervention period 116,607 observations. Assuming that the 
vehicles entering the road segment, completed the segment (and no new drivers entered the 
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road segment) there were approximately 7,811 vpd (vehicles per day) during the baseline 
period and 6,847 vpd during the intervention period. These traffic volume figures represent 
significant reduction in traffic volume between baseline and intervention periods. 
 
Across the entire road segment, 61.81% of drivers had a headway of 2s or more. The total 
number of drivers are reported (and percentage), as was the average number of drivers per 
day (Table 50). 
 
Table 50. Headway profile across the whole road segment. 
Headway category Frequency Percent Average vehicles per 
day 
0.01 – 0.69s 42,372 5.02% 412 
0.70 – 0.99s 61,700 10.08% 827 
1.00 – 1.99s 134,510 26.77% 2196 
2.00 – 4.99s 112,068 21.01% 1724 
5+s 258,675 37.12% 3046 
 
Due to the variability in headways recorded across sites, this data is also presented. The 
greatest proportion of drivers across locations had a headway greater than 2 seconds, with the 
largest proportion of this group having a headway of 5 seconds or more (see Figure 54 and 
Table 51).   
 
 
 
Figure 54. Proportion of drivers across headway categories.  
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Table 51. Headway distributions across all sites in the field study. 
Location 0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 13980 (5.35%) 28044 (10.72%) 77139 (29.49%) 52124 (19.93%) 90221 (34.50%) 
At Black Mountain 17913 (6.51%) 29962 (10.88%) 76849 (27.91%) 55893 (20.29%) 94731 (34.40%) 
After Black Mountain 946 (3.83%) 2382 (9.64%) 7549 (30.56%) 5650 (22.87%) 8176 (33.10%) 
Before Tuchekoi 20128 (6.69%) 36543 (12.14%) 80265 (26.67%) 59356 (19.72%) 104646 (34.77%) 
At Tuchekoi 12414 (4.85%) 27544 (10.75%) 76083 (29.70%) 52830 (20.62%) 87302 (34.08%) 
After Tuchekoi 1969 (3.95%) 3557 (7.14%) 13763 (27.64%) 11340 (22.77%) 19167 (38.49%) 
Before Traverston 14307 (5.67%) 28938 (11.48%) 66187 (26.26%) 51017 (20.24%) 91590 (36.34%) 
At Traverston 14083 (5.57%) 27579 (10.90%) 68728 (27.17%) 51440 (20.34%) 91107 (36.02%) 
After Traverston 1814 (1.54%) 6052 (5.13%) 23453 (19.87%) 27155 (23.01%) 59550 (50.46%) 
Southbound Travel 
Before Kybong 10940 (4.48%) 22752 (9.32%) 64482 (26.39%) 53462 (21.89%) 92628 (37.92%) 
At Kybong 11315 (4.67%) 23295 (9.62%) 59398 (24.52%) 53442 (22.06% 94835 (39.14%) 
After Kybong 1291(1.38%) 7625 (8.17%) 29038 (31.13%) 22971 (24.63%) 32353 (34.68%) 
Before Coles Creek 19871 (4.96%) 39544 (9.88%) 111476 (27.84%) 84508 (21.11%) 144990 (36.21%) 
At Coles Creek 5957 (4.02%) 8609 (5.81%) 23046 (15.56%) 32278 (21.79%) 78265 (52.83%) 
After Coles Creek 2369 (1.64%) 12430 (8.58%) 47823 (33.02%) 32891 (22.71%) 49313 (31.05%) 
Before Federal 18942 (7.29%) 31702 (12.19%) 64910 (24.96%) 48802 (18.77%) 95673 (36.79%) 
At Federal 12450 (4.81%) 25517 (9.86%) 68284 (26.38%) 56278 (21.744%) 96293 (37.20%) 
After Federal 239 (1.27%) 1160 (6.16%) 5761 (30.59%) 5476 (29.08%) 6198 (32.91%) 
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Drivers with too-short of headways 
 
The primary focus of this intervention was to target drivers who were not complying with a 2 
second headway. This section examines the effect of VMS headway warnings on the 
behaviour of non-complying drivers during the phase when the VMSs were displaying both 
speeding and headway messages.  
 
Approximately 42% of the drivers were following too closely. There were very few drivers 
(5.52%) who would not have received a headway message, despite following too closely, 
because they were speeding (see Table 52).  
 
Table 52. The distribution of drivers across speeding and headway categories. 
 Headway category 
0.0-0.69s 0.7-0.99s 1.0-1.99s 2.0-4.99s ≥5.0s 
Not speeding  163944 323164 822281 589433 984554 
Speed Category 1 16419 38685 135816 157785 321064 
Speed Category 2 261 562 2239 5085 19272 
Speed Category 3 217 812 3867 4539 11420 
Speed Category 4 10 2 11 46 446 
Speed Category 5 77 10 18 25 277 
 
As a general rule, the absolute number of short headways detected was less at post-VMS 
locations compared with at-VMS locations. In addition, the proportional change in the 
number of drivers in each short headway category has been examined. For this analysis, 
headways at the detection site (upstream) were compared with headways downstream of the 
VMS. Overall, there was a decrease in the number of drivers with a headway of <0.7s 
(decrease of 7.3%), but an increase in drivers with a headway of 1.0-1.99s.  
 
Improvements in headway behaviour were site specific (see Figure 55). There was a 
reduction in extremely short headways (0.01s-0.69s) in all locations, with the reduction being 
smallest at Black Mountain. There were smaller reductions in headways of 0.7s-0.99s at all 
locations. There was an increase in drivers travelling with a headway of 1.0s-1.99s at all 
locations (raw figures are contained in Table 51). This finding may be a result of drivers with 
an extremely short headway at the upstream site increasing their headway, but not to 2 
seconds. While the headway message displayed during the intervention indicated to the driver 
they were following too close, there was nothing in the message to inform drivers that the 
recommended distance was 2 seconds.  
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Figure 55. Representation of the change in drivers‟ headway behaviour (negative numbers indicate a 
reduction in headway behaviour identified).  
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Examination of headway over time 
 
The impact of VMS headway warnings was examined over each week of the experimental 
data collection period. There was a noticeable difference in headway distributions observed 
during Week 1, compared with the following 3 weeks at the detection point for the 3
rd
 
Northbound VMS (see Figure 56). The anomalies found in week 1 may be explained by the 
fact that Week 1 occurred during the school holiday period, and this may have impacted on 
overall traffic volume and driving behaviours. This finding reflects the limited variation at all 
other sites (see Appendix D, Table D1-D4).  Statistical analyses (chi-square test) found 
significant but small differences in these speed distributions over time.  
 
 
 
 
Figure 56. Comparison of headway distributions for Location 3 (Before Traverston). 
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The effect of traffic flow on Headway Profiles (all traffic) 
 
The effect traffic volume had on headway was examined. For convenience, previous traffic volume categories were used. Mean headway 
decreased as traffic volume increased. Median headway was above the recommended 2s for traffic volumes <700vph, and decreased as volume 
increased (see Table 53). The 15
th
 (similar to the 85
th
 percentile measure used for speed) decreased as traffic volume increased. However, the 
15
th
 percentile headway was never greater than 1.5s (0.5s less than recommended) at all traffic volumes. Exact values for mean, median and 15
th
 
percentile were site-dependent, and may be explained by geometry of the site. 
 
Table 53. Headway profiles across traffic flow groups. 
 Traffic flows 
Location 0-399 400-699 700-999 1000-1200 1300-1799 1800+ 
 Mean Median 15
th
 Mean Median 15
th
 Mean Median 15
th
 Mean Median 15
th
 Mean Median 15
th
 Mean Median 15
th
 
Before Black Mtn 27.2 10.9 1.4 6.1 2.1 0.9 4.2 1.7 0.8 2.9 1.5 0.8 2.2 1.4 0.8    
At Black Mtn 27.7 11.2 1.3 6.2 2.1 0.9 4.6 1.8 0.8 2.9 1.5 0.8 4.0 1.6 0.8 3.4 1.5 0.8 
After Black Mtn 21.7 12.1 1.3 6.1 2.2 1.0 4.7 1.9 0.9          
Before Tuchekoi 30.7 10.0 1.3 6.9 2.2 0.9 5.9 1.8 0.8 5.7 1.9 0.8 4.8 1.7 0.8    
At Tuchekoi 27.4 8.6 1.3 6.2 2.1 0.9 4.3 1.6 0.8 3.1 1.4 0.8 2.2 1.3 0.7    
After Tuchekoi 66.0 9.1 1.1 6.5 2.4 1.1 4.5 1.9 1.0          
Before Traverston 26.9 8.4 1.3 6.3 2.3 0.9 4.4 1.7 0.8 2.8 1.4 0.8 2.6 1.4 0.8    
At Traverston 26.8 8.5 1.3 6.2 2.3 0.9 4.2 1.7 0.8 3.0 1.4 0.8 2.2 1.3 0.7    
After Traverston 22.3 7.5 1.5 7.3 3.3 1.2 4.0 2.3 1.2          
Before Kybong 27.1 9.6 1.4 6.3 2.5 1.0 4.3 1.9 0.9 2.9 1.6 0.8 2.2 1.5 0.8    
At Kybong 26.8 9.4 1.4 6.3 2.8 0.9 4.3 2.0 0.9 3.0 1.6 0.8 2.2 1.5 0.8    
After Kybong 27.6 10.0 1.5 6.1 2.3 1.1 4.6 1.9 1.0 3.1 1.9 1.1 2.6 1.7 1.0    
Before Coles Ck 35.2 12.9 1.4 8.9 2.6 1.0 7.4 2.4 1.0 6.0 2.1 0.9 5.5 1.9 0.9 5.4 1.9 0.9 
At Coles Ck 19.4 6.4 1.3 7.5 3.7 1.1             
After Coles Ck 27.8 9.9 1.3 6.2 2.2 1.0 4.4 1.8 1.0 3.0 1.9 1.1 2.6 1.8 1.0    
Before Federal 26.7 10.2 1.2 6.2 2.3 0.8 4.3 1.6 0.7 3.0 1.3 0.7 2.3 1.2 0.7    
At Federal 27.9 11.3 1.4 6.2 2.5 1.0 4.2 1.8 0.8 3.1 1.5 0.8 2.3 1.4 0.8    
After Federal 27.1 10.9 1.4 6.1 2.1 0.9 4.2 1.7 0.8 2.9 1.5 0.8 2.2 1.4 0.8    
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COMPARISON OF EFFECTS ON THE TARGET BEHAVIOUR OF 
INTERVENTIONS 
 
Comparison of Intervention 1 and Intervention 3 on Speed Behaviour 
 
 
Summary Statistics for all vehicles 
 
Mean speed, median speed and the 85
th
 percentile speed were significantly higher during the 
baseline period when compared with Intervention 1 and 2. There was very little difference 
between mean speeds for the two interventions (86.69 km/h for Intervention 1; 86.58 km/h 
for Intervention 3), and 85
th
 percentile speed (92.0 km/h for Intervention 1; 92.4 km/h for 
Intervention 3) (see Figure 57 and Table 54).  
 
To examine the practical implications of the changes in mean speed, the stopping distance for 
the mean speed during each period was calculated (assuming a coefficient of friction of 0.8). 
The mean speed during the baseline was 90.33 km/h, and the corresponding stopping distance 
was calculated to be 103.99m (assuming coefficient of friction of 0.8). During intervention 1, 
the mean speed was 86.69 km/h, and this equates to a stopping distance of 95.78m. The mean 
speed during intervention 3 was 86.58 km/h, and the stopping distance was calculated to be 
95.54m. This equates to an improvement in stopping distance for the average car of 8.21m 
between baseline and intervention 1. The difference in stopping distance for the average car 
between intervention 1 and intervention 3 was 0.03m. 
 
 
Figure 57. Speed descriptives for the whole road segment, comparing baseline and speed-related 
interventions (1 and 3). 
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When each site was examined separately, mean speed was found to be higher during the 
baseline period compared with both intervention periods (see Figure 58). When the two 
intervention periods are compared, mean speed was lower during intervention 3 except at 
Black Mountain. A similar trend was observed when median speed was examined (see Table 
55). 
 
 
Figure 58. Comparison of mean speeds, At-VMS, between baseline and speed-related interventions (1 
and 3).  
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Table 54. Mean, median and 85
th
 percentile speed for Baseline, Intervention 1, and Intervention 3, for 
the whole section, by direction, position at VMS sign, and at each location. 
 Baseline Intervention 1 Intervention 3 
 Mean Median 85
th
 %ile Mean Median 85
th
 %ile Mean Median 85
th
 %ile 
Whole segment 90.33 90.0 96.0 86.69 87.0 92.0 86.58 87.0 92.4 
Direction 
   North 
   South 
 
89.33 
91.28 
 
89.0 
91.0 
 
95.0 
97.0 
 
86.16 
87.28 
 
86.2 
87.8 
 
92.0 
92.3 
 
86.55 
86.61 
 
87.0 
87.0 
 
92.6 
92.1 
Upstream 
   Before 
   At 
   After 
 
 
90.33 
 
 
90.0 
 
 
96.0 
 
 
86.20 
87.75 
86.08 
 
87.0 
88.0 
86.3 
 
92.0 
93.0 
91.4 
 
86.99 
86.66 
84.29 
 
88.0 
87.0 
85.7 
 
93.0 
93.0 
91.1 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
91.49 
 
 
86.36 
 
 
90.02 
 
 
89.14 
 
 
93.23 
 
 
91.20 
 
 
91.0 
 
 
86.0 
 
 
90.0 
 
 
89.0 
 
 
92.0 
 
 
91.0 
 
 
97.0 
 
 
92.0 
 
 
95.0 
 
 
94.0 
 
 
99.0 
 
 
96.0 
 
88.15 
89.62 
87.25 
88.37 
83.77 
86.94 
88.11 
87.68 
85.24 
83.45 
87.95 
84.28 
88.11 
91.08 
88.12 
81.00 
85.80 
86.80 
 
89.0 
90.0 
87.3 
88.0 
84.0 
87.0 
88.0 
88.0 
85.8 
84.0 
88.0 
84.2 
88.0 
90.0 
87.7 
81.0 
86.0 
87.0 
 
93.0 
95.0 
92.4 
93.0 
89.0 
91.6 
93.0 
92.0 
90.6 
89.0 
93.0 
90.2 
93.0 
96.0 
92.7 
87.0 
92.0 
91.5 
 
87.94 
88.08 
83.71 
87.28 
81.89 
84.58 
87.91 
86.55 
86.66 
86.63 
87.81 
80.11 
87.57 
91.06 
84.86 
84.23 
84.51 
86.66 
 
88.0 
88.0 
86.5 
88.0 
82.0 
88.1 
88.0 
87.0 
87.0 
87.0 
88.0 
80.0 
88.0 
90.0 
85.5 
84.0 
88.0 
87.0 
 
93.0 
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93.0 
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Figure 59. Comparison of proportion of drivers in each speed category, across the whole road 
segment. 
The total number of drivers in each speeding category across the road segment was 
examined. The proportion of drivers not speeding was lowest during the baseline period (see 
Figure 59 and Table 55). There were 2% more drivers not speeding between intervention 1 
and intervention 3 (see Table 55). The proportion of drivers in speeding categories 1-5 was 
highest during the baseline period. The distribution of speeders was slightly different between 
intervention 1 and intervention 3.  
 
Table 55. Frequency (and percent) of drivers travelling in each speed category, during baseline and 
intervention periods.  
 Baseline Intervention 1 Intervention 3 
Not speeding (<92km/h) 4770 (61.13%) 6256 (82.12%) 6568 (80.04%) 
Speeding category 1  (92-102 km/h) 2763 (35.28%) 1280 (16.80%) 1526 (18.59%) 
Speeding category 2 (103-110 km/h) 220 (2.82%) 65 (0.86%) 63 (0.76%) 
Speeding category 3 (111-120 km/h) 49(0.62%) 14 (0.18%) 48 (0.58%) 
Speeding category 4 (121-130 km/h) 8 (0.10%) 3 (0.03%) 1 (0.01%) 
Speeding category 5 (>130 km/h) 3 (0.04%) 1 (0.01%) 1 (0.01%) 
Average number of vehicles per day 7802 7618  
 
 
Summary Statistics for “free-speed” 
 
When „free-sped‟ traffic, drivers with a headway of 5.0s or more, was examined, baseline 
mean speed, median speed and 85
th
 percentile speeds were all higher than during either 
intervention periods. When only drivers travelling at „free-speed‟ were examined, mean 
speed, median speed and the 85
th
 percentile speed were higher during intervention 3. There 
was very little difference between mean speeds for the two interventions (87.8 km/h for 
Intervention 1; 88.13 km/h for Intervention 3), and 85
th
 percentile speed (93.0 km/h for 
Intervention 1; 94.0 km/h for Intervention 3) (see Figure 60 and Table 56).  
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To examine the practical implications of the changes in mean speed, the stopping distance for 
the mean speed during each period was calculated (assuming a coefficient of friction of 0.8). 
The mean speed during the baseline was 91.68 km/h, and the corresponding stopping distance 
was calculated to be 107.13m (assuming coefficient of friction of 0.8). During intervention 1, 
the mean speed was 87.80 km/h, and this equates to a stopping distance of 98.25m. The mean 
speed during intervention 3 was 88.13 km/h, and the stopping distance was calculated to be 
98.99m. This equates to an improvement in stopping distance for the average car of 8.88m 
between baseline and intervention1. The difference in stopping distance for the average car 
between intervention 1 and intervention 3 was 0.74m. 
 
 
 
Figure 60. Comparison of „free-speed‟ speed descriptives across the whole segment. 
When each site was examined separately mean speed, for drivers travelling at „free-speed‟, 
was found to be higher during the baseline period compared with both intervention periods 
(see Figure 61 and Table 56). When the two intervention periods are compared, mean speed 
was lower during intervention 3 except at Federal. A similar trend was observed when 
median speed was examined (see Table 56). 
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Figure 61. Comparison of „free-speed‟ mean speed, At-VMS, at the six sign locations. 
 
Table 56. „Free-speed‟ speed descriptives, comparing baseline, intervention 1 and Intervention 3.  
 Baseline Intervention 1 Intervention 3 
 Mean Median 85
th
 
%ile 
Mean Median 85
th
 
%ile 
Mean Median 85
th
 
%ile 
Whole segment 91.68 91.0 97.0 87.80 88.0 93.0 88.13 88.1 94.0 
Direction 
   North 
   South 
 
91.06 
92.20 
 
90.0 
91.0 
 
97.0 
98.0 
 
88.32 
87.35 
 
88.0 
87.4 
 
93.4 
93.0 
 
88.35 
87.94 
 
89.0 
88.0 
 
94.0 
94.0 
Upstream 
   Before 
   At 
   After 
 
 
91.68 
 
 
91.0 
 
 
97.0 
 
87.72 
88.87 
86.70 
 
88.0 
89.0 
86.9 
 
93.0 
94.0 
92.1 
 
88.56 
88.44 
85.49 
 
89.0 
89.0 
87.0 
 
94.0 
94.0 
92.2 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
92.19 
 
 
89.12 
 
 
91.85 
 
 
89.73 
 
 
94.03 
 
 
91.13 
 
 
91.0 
 
 
89.0 
 
 
91.0 
 
 
90.0 
 
 
93.0 
 
 
91.0 
 
 
98.0 
 
 
94.0 
 
 
97.0 
 
 
95.0 
 
 
101.0 
 
 
97.0 
 
89.32 
90.00 
87.53 
90.14 
85.91 
87.33 
89.12 
89.11 
85.97 
85.22 
88.53 
84.69 
89.32 
91.83 
89.53 
82.97 
86.43 
87.80 
 
89.0 
90.0 
87.4 
90.0 
86.0 
87.4 
89.0 
89.0 
86.7 
86.0 
89.0 
84.5 
89.0 
91.0 
88.6 
82.0 
86.0 
87.7 
 
94.0 
95.0 
92.4 
95.0 
91.0 
92.3 
95.0 
94.0 
91.7 
91.0 
94.0 
90.9 
94.0 
98.0 
94.0 
89.0 
92.0 
92.4 
 
89.39 
89.17 
85.57 
89.95 
85.34 
82.50 
89.42 
88.70 
87.12 
87.73 
88.02 
81.34 
89.47 
91.23 
87.13 
84.88 
88.76 
87.56 
 
90.0 
89.0 
87.5 
90.0 
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88.1 
90.0 
89.0 
88.3 
89.0 
88.0 
80.8 
89.0 
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94.0 
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Figure 62. Proportion of drivers travelling at „free-speed‟ in each of the 6 speed categories.  
The proportion of drivers not speeding was lowest during the baseline period (see Figure 62 
and Table 57). Intervention 2 had the highest proportion of drivers complying with the speed 
limit.  
 
Table 57. Comparing the proportion of „free-speed‟ drivers in each speed category between baseline 
and speed-related interventions. 
 Baseline Intervention 1 Intervention 3 
Not speeding  141717 (54.79%) 1262377 (77.47%) 984554 (73.54%) 
Speed Cat 1 102382 (39.58%) 336870 (20.67%) 321064 (24.01%) 
Speed Cat 2 11064 (4.28%) 23661 (1.45%) 19272 (1.44%) 
Speed Cat 3 2796 (1.08%) 5269 (0.32%) 11420 (0.85%) 
Speed Cat 4 511 (0.20%) 948 (0.06%) 446 (0.03%) 
Speed Cat 5 202 (0.08%) 377 (0.02%) 277 (0.02%) 
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Comparison of Intervention 2 and Intervention 3 on Headway Behaviour 
 
 
Summary Statistics for all vehicles 
 
Mean headway and median headway were greater during the baseline period (headway gaps 
were longer during intervention). Mean and median headways were shortest during 
intervention 3 (see Figure 63 and Table 58). This may reflect a reduction in headway 
messages displayed during intervention 3, as this intervention involved speed and headway 
messages and speed messages had priority. The 15
th
 percentile headway was greatest during 
intervention 2 (headway messaging only). 
 
 
Figure 63. Headway descriptives for the road whole road segment, comparing baseline and two 
headway-related interventions.  
 
 
 
 
 
 
 
 
 
 
 
0 
2 
4 
6 
8 
10 
12 
14 
Mean Headway Median Headway 15th Percentile 
Se
co
n
d
s 
(s
) 
Baseline 
Intervention 2 
Intevention 3 
 98 
 
 
Table 58. Overall headway descriptives for baseline, intervention 2 and intervention 3. 
 Baseline Intervention 2 Intervention 3 
 Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Whole segment 12.28 3.2 0.9 12.12 3.1 1.0 11.06 2.6 0.9 
Direction 
   North 
   South 
 
10.77 
13.73 
 
2.7 
3.9 
 
0.9 
0.9 
 
11.81 
12.42 
 
3.0 
3.3 
 
1.0 
1.0 
 
11.18 
10.94 
 
2.5 
2.8 
 
0.9 
1.1 
Upstream 
   Before 
   At 
   After 
 
 
12.28 
 
 
3.2 
 
 
0.9 
 
11.34 
12.10 
13.18 
 
2.9 
3.3 
3.2 
 
0.9 
1.0 
1.1 
 
10.28 
10.90 
15.09 
 
2.5 
2.7 
2.9 
 
0.9 
0.9 
1.1 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
10.50 
 
 
11.15 
 
 
10.67 
 
 
10.93 
 
 
18.64 
 
 
10.92 
 
 
 
2.4 
 
 
2.7 
 
 
3.0 
 
 
3.3 
 
 
5.4 
 
 
3.2 
 
 
0.8 
 
 
0.9 
 
 
0.9 
 
 
0.9 
 
 
1.0 
 
 
0.9 
 
 
10.69 
10.71 
11.06 
11.49 
11.39 
17.44 
11.38 
11.84 
16.84 
11.38 
11.41 
11.98 
12.05 
18.70 
13.44 
11.20 
11.18 
13.11 
 
2.6 
2.6 
2.7 
2.8 
2.7 
3.2 
3.1 
3.1 
5.9 
3.2 
3.5 
3.1 
2.9 
6.6 
3.0 
3.0 
3.3 
2.8 
 
1.0 
0.9 
1.0 
0.9 
1.0 
1.2 
0.9 
1.0 
1.4 
1.0 
1.0 
1.1 
1.0 
1.3 
1.1 
0.9 
1.0 
1.2 
 
9.55 
9.52 
37.80 
10.26 
10.07 
24.38 
10.30 
10.18 
16.36 
10.23 
10.31 
10.38 
11.02 
17.10 
10.39 
9.95 
9.94 
12.31 
 
2.2 
2.3 
2.3 
2.3 
2.3 
2.8 
2.5 
2.5 
5.1 
2.8 
3.0 
2.5 
2.5 
5.6 
2.4 
2.5 
2.7 
2.6 
 
0.9 
0.9 
1.0 
0.9 
0.9 
1.1 
0.9 
0.9 
1.3 
1.0 
1.0 
1.1 
1.0 
1.2 
1.1 
0.8 
1.0 
1.2 
 
While mean and median headways were largest during the baseline period, the proportion of 
drivers with a headway less than in the two smallest headway categories (0.00-0.69s and 
0.70-0.99s) were smaller for intervention 2 and intervention 3 (see Figure 64 and Table 59). 
The proportion of drivers with a headway of 1.00-1.99s was greater for both intervention 
periods, which may indicate that drivers with very short headways (<1 second) did increase 
their headway, but not to 2 seconds.  
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Figure 64. The proportion of drivers in each headway category, comparing baseline and headway-
related interventions. 
 
 
Table 59. Average number of drivers (and proportion of drivers per average daily total of vehicles) in 
each headway category.  
Headway category Baseline Intervention 2 Intervention 3 
0.01s-0.69s 543 (6.95%) 297 (4.35%) 412 (5.0%) 
0.70s-0.99s 791 (10.13%) 615 (9.00%) 827 (10.1%) 
1.00s-1.99s 1,725 (22.08%) 1,696 (24.82%) 2196 (26.8%) 
2.00s-4.99s 1,437 (18.39%) 1,406 (20.57%) 1724 (21.0%) 
5.0s+ 3,316 (42.45%) 2,820 (41.26%) 3046 (37.1%) 
Total vehicles per day 7,812 6,834 8206 
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Summary Statistics for vehicles with a headway less than five seconds 
 
The headway behaviours of drivers with a headway of less than 5 seconds, those drivers 
deemed to be interacting with other vehicles for the „free-speed‟ analysis, was examined. 
When only these drivers were analysed, general headway descriptive were shortest during the 
baseline period (see Figure 65 and Table 60). When the effect of the two interventions was 
examined, only mean headway was found to be different (1.83s during intervention 2; 1.79 
during intervention 3).   
 
 
Figure 65. Headway descriptives for the whole road segment, for drivers interacting with other 
vehicles.  
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While the effect of interventions on headway messaging was site-specific, the same general 
trend was observed for each VMS location (see Table 60) 
 
Table 60. Headway descriptive for drivers interacting with other vehicles.  
 Baseline Intervention 2 Intervention 3 
 Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Whole segment 1.73 1.4 0.7 1.83 1.5 0.8 1.79 1.5 0.8 
Direction 
   North 
   South 
 
1.68 
1.78 
 
1.3 
1.4 
 
0.7 
0.7 
 
1.80 
1.86 
 
1.5 
1.5 
 
0.8 
0.8 
 
1.75 
1.82 
 
1.4 
1.5 
 
0.8 
0.8 
Upstream 
   Before 
   At 
   After 
 
 
1.73 
 
 
1.4 
 
 
0.7 
 
1.76 
1.82 
1.93 
 
1.4 
1.5 
1.6 
 
0.8 
0.8 
0.9 
 
1.74 
1.79 
1.93 
 
1.4 
1.5 
1.6 
 
0.8 
0.8 
0.9 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
1.63 
 
 
1.67 
 
 
1.73 
 
 
1.80 
 
 
1.84 
 
 
1.70 
 
 
1.3 
 
 
1.3 
 
 
1.3 
 
 
1.5 
 
 
1.4 
 
 
1.3 
 
 
0.7 
 
 
0.7 
 
 
0.7 
 
 
0.7 
 
 
0.6 
 
 
0.7 
 
1.73 
1.71 
1.79 
1.74 
1.75 
1.97 
1.80 
1.81 
2.14 
1.83 
1.86 
1.92 
1.78 
2.08 
1.87 
1.67 
1.81 
2.02 
 
1.4 
1.4 
1.5 
1.4 
1.4 
1.7 
1.4 
1.5 
1.9 
1.5 
1.5 
1.6 
1.4 
1.8 
1.6 
1.3 
1.5 
1.8 
 
0.8 
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0.8 
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1.75 
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1.91 
1.77 
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COMPARISON OF ALL INTERVENTIONS ON SPEED AND HEADWAY 
BEHAVIOUR 
 
Comparison of all Interventions on Speed Behaviour 
 
Summary Statistics for all vehicles 
 
Mean speed, median speed and the 85
th
 percentile speed were significantly higher during the 
baseline period, compared with all interventions. There was very little difference between 
mean speeds during the two speed-related interventions (86.69 km/h for Intervention 1; 86.58 
km/h for Intervention 3), and 85
th
 percentile speed (92.0 km/h for Intervention 1; 92.4 km/h 
for Intervention 3) (see Figure 66 and Table 61). All speed measures were higher during the 
headway-related intervention (Intervention 2).  
 
To examine the practical implications of the changes in mean speed, the stopping distance for 
the mean speed during each period was calculated (assuming a coefficient of friction of 0.8). 
The mean speed during the baseline was 90.33 km/h, and the corresponding stopping distance 
was calculated to be 103.99m (assuming coefficient of friction of 0.8). During intervention 1, 
the mean speed was 86.69 km/h, and this equates to a stopping distance of 95.78m. The mean 
speed during intervention 3 was 86.58 km/h, and the stopping distance was calculated to be 
95.54m. This equates to an improvement in stopping distance for the average car of 8.21m 
between baseline and intervention 1. The difference in stopping distance for the average car 
between intervention 1 and intervention 3 was 0.03m. The average speed of vehicles for 
intervention 2 was 87.54, and this results in a calculated stopping distance of 97.67m, almost 
2m more than intervention 1.  
 
 
Figure 66. Speed descriptives for the whole road segment, comparing baseline and speed-related 
interventions (1 and 3). 
 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
Mean Speed Median Speed 85th Percentile 
Sp
e
e
d
 (
km
/h
) 
Baseline 
Intervention 1  
Intervention 2 
Intervention 3 
 103 
 
 
 
 
 
 
 
 
 
 
 
 
When each site was examined separately, mean speed was found to be higher during the 
baseline period compared with both intervention periods (see Figure 67 and Table 61). When 
the two speed-related intervention periods are compared, mean speed was lower during 
intervention 3 except at Black Mountain. A similar trend was observed when median speed 
was examined (see Table 61). Mean speeds at all locations were higher during the headway 
intervention (intervention 2), except Coles Creek (it was lower than both speed-related 
interventions) and Tuchekoi (it was lower than intervention 1) 
 
 
Figure 67. Comparison of mean speeds, At-VMS, between baseline and speed-related interventions (1 
and 3).  
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Table 61. Mean, median and 85
th
 percentile speed for Baseline, Intervention 1, Intervention 2 and Intervention 3, for the whole section, by direction, position 
at VMS sign, and at each location. 
 Baseline Intervention 1 Intervention 2 Intervention 3 
 Mean Median 85
th
 %ile Mean Median 85
th
 %ile Mean Median 85
th
 %ile Mean Median 85
th
 %ile 
Whole segment 90.33 90.0 96.0 86.69 87.0 92.0 87.54 88.0 94.0 86.58 87.0 92.4 
Direction 
   North 
   South 
 
89.33 
91.28 
 
89.0 
91.0 
 
95.0 
97.0 
 
86.16 
87.28 
 
86.2 
87.8 
 
92.0 
92.3 
 
88.03 
87.07 
 
88.5 
88.0 
 
94.0 
93.6 
 
86.55 
86.61 
 
87.0 
87.0 
 
92.6 
92.1 
Upstream 
   Before 
   At 
   After 
 
 
90.33 
 
 
90.0 
 
 
96.0 
 
 
86.20 
87.75 
86.08 
 
87.0 
88.0 
86.3 
 
92.0 
93.0 
91.4 
 
87.74 
88.31 
86.29 
 
88.0 
89.0 
87.3 
 
94.0 
94.0 
92.9 
 
86.99 
86.66 
84.29 
 
88.0 
87.0 
85.7 
 
93.0 
93.0 
91.1 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
91.49 
 
 
86.36 
 
 
90.02 
 
 
89.14 
 
 
93.23 
 
 
91.20 
 
 
91.0 
 
 
86.0 
 
 
90.0 
 
 
89.0 
 
 
92.0 
 
 
91.0 
 
 
97.0 
 
 
92.0 
 
 
95.0 
 
 
94.0 
 
 
99.0 
 
 
96.0 
 
88.15 
89.62 
87.25 
88.37 
83.77 
86.94 
88.11 
87.68 
85.24 
83.45 
87.95 
84.28 
88.11 
91.08 
88.12 
81.00 
85.80 
86.80 
 
89.0 
90.0 
87.3 
88.0 
84.0 
87.0 
88.0 
88.0 
85.8 
84.0 
88.0 
84.2 
88.0 
90.0 
87.7 
81.0 
86.0 
87.0 
 
93.0 
95.0 
92.4 
93.0 
89.0 
91.6 
93.0 
92.0 
90.6 
89.0 
93.0 
90.2 
93.0 
96.0 
92.7 
87.0 
92.0 
91.5 
 
88.31 
89.94 
88.34 
87.57 
83.55 
88.02 
89.13 
88.69 
88.76 
88.09 
88.63 
81.86 
88.46 
90.67 
87.24 
84.84 
89.20 
85.65 
 
89.0 
90.0 
88.5 
88.0 
84.0 
88.0 
89.0 
89.0 
89.2 
88.0 
89.0 
81.5 
89.0 
91.0 
87.6 
85.0 
89.0 
88.3 
 
93.0 
95.0 
93.7 
94.0 
90.0 
93.0 
95.0 
94.0 
94.1 
94.0 
94.0 
88.2 
94.0 
97.0 
92.6 
91.0 
94.0 
94.0 
 
87.94 
88.08 
83.71 
87.28 
81.89 
84.58 
87.91 
86.55 
86.66 
86.63 
87.81 
80.11 
87.57 
91.06 
84.86 
84.23 
84.51 
86.66 
 
88.0 
88.0 
86.5 
88.0 
82.0 
88.1 
88.0 
87.0 
87.0 
87.0 
88.0 
80.0 
88.0 
90.0 
85.5 
84.0 
88.0 
87.0 
 
93.0 
94.0 
96.2 
93.0 
88.0 
93.0 
94.0 
92.0 
92.3 
92.0 
93.0 
86.6 
93.0 
96.0 
90.0 
90.0 
93.0 
92.3 
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Figure 68. Comparison of proportion of drivers in each speed category, across the whole road 
segment. 
The total number of drivers in each speeding category across the road segment was 
examined. The proportion of drivers not speeding was lowest during the baseline period (see 
Figure 68 and Table 62). There were 2% more drivers not speeding between intervention 1 
and intervention 3 (see Table 62). The proportion of drivers in speeding categories 1-5 was 
highest during the baseline period. The distribution of speeders was slightly different between 
intervention 1 and intervention 3. Of the three interventions, the proportion of drivers not 
complying with the speed limit was highest during the headway intervention (intervention 2). 
 
Table 62. Frequency (and percent) of drivers travelling in each speed category, during baseline and 
intervention periods.  
 Baseline Intervention 1 Intervention 2 Intervention 3 
Not speeding (<92km/h) 4770 (61.13%) 6256 (82.12%) 5052 (73.64%) 6568 (80.04%) 
Speeding category 1  (92-102 km/h) 2763 (35.28%) 1280 (16.80%) 1617 (23.57%) 1526 (18.59%) 
Speeding category 2 (103-110 km/h) 220 (2.82%) 65 (0.86%) 78 (1.14%) 63 (0.76%) 
Speeding category 3 (111-120 km/h) 49(0.62%) 14 (0.18%) 110 (1.6%) 48 (0.58%) 
Speeding category 4 (121-130 km/h) 8 (0.10%) 3 (0.03%) 2 (0.03%) 1 (0.01%) 
Speeding category 5 (>130 km/h) 3 (0.04%) 1 (0.01%) 1 (0.01%) 1 (0.01%) 
Average number of vehicles per day 7802 7618 6,860 8207 
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Summary Statistics for “free-speed” 
 
„Free-sped‟ traffic data, where drivers with a headway of 5.0s or more, were examined the 
baseline mean speed, median speed and 85
th
 percentile speeds were all higher than during all 
of the intervention periods. Comparing the effects of the interventions on drivers travelling at 
„free-speed‟ showed that mean speed, median speed and the 85th percentile speed were higher 
during intervention 3, compared with intervention 1. Intervention 2 had a mean speed 
between intervention 1 and intervention 3, a higher median speed than the other 
interventions, and an 85
th
 percentile speed the same as intervention 3. There was very little 
difference between mean speeds for the two interventions (87.8 km/h for Intervention 1; 
87.93 km/h for intervention 2; 88.13 km/h for Intervention 3) (see Figure 69 and Table 63).  
 
To examine the practical implications of the changes in mean speed, the stopping distance for 
the mean speed during each period was calculated (assuming a coefficient of friction of 0.8). 
The mean speed during the baseline was 91.68 km/h, and the corresponding stopping distance 
was calculated to be 107.13m (assuming coefficient of friction of 0.8). During intervention 1, 
the mean speed was 87.80 km/h, and this speed equates to a stopping distance of 98.25m. The 
mean speed during intervention 3 was 88.13 km/h, and the stopping distance was calculated 
to be 98.99m. This speed equates to an improvement in stopping distance for the average car 
of 8.88m between baseline and intervention1. The difference in stopping distance for the 
average car between intervention 1 and intervention 3 was 0.74m. During intervention 2, 
mean speed was 87.93 km/h. The calculated stopping distance was 98.54m, only 0.29m more 
than intervention1.  
 
 
 
Figure 69. Comparison of „free-speed‟ speed descriptives across the whole segment. 
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When each site was examined separately, the mean speed, for drivers travelling at „free-
speed‟, was found to be higher during the baseline period compared with both intervention 
periods (see Figure 70 and Table 63). When the two intervention periods were compared, 
mean speed was lower during intervention 3 except at Federal. The mean speed for each 
location during intervention 2 was generally between the mean speed during intervention 1 
and intervention 3. A similar trend was observed when median speed was examined (see 
Table 63). 
 
 
Figure 70. Comparison of „free-speed‟ mean speed, At-VMS, at the six sign locations. 
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Table 63. „Free-speed‟ speed descriptives, comparing baseline, intervention 1 and Intervention 3.  
 Baseline Intervention 1 Intervention 2 Intervention 3 
 Mean Median 85
th
 
%ile 
Mean Median 85
th
 
%ile 
Mean Median 85
th
 %ile Mean Median 85
th
 
%ile 
Whole segment 91.68 91.0 97.0 87.80 88.0 93.0 87.93 88.2 94.0 88.13 88.1 94.0 
Direction 
   North 
   South 
 
91.06 
92.20 
 
90.0 
91.0 
 
97.0 
98.0 
 
88.32 
87.35 
 
88.0 
87.4 
 
93.4 
93.0 
 
87.11 
86.36 
 
88.0 
87.0 
 
93.0 
93.0 
 
88.35 
87.94 
 
89.0 
88.0 
 
94.0 
94.0 
Upstream 
   Before 
   At 
   After 
 
 
91.68 
 
 
91.0 
 
 
97.0 
 
87.72 
88.87 
86.70 
 
88.0 
89.0 
86.9 
 
93.0 
94.0 
92.1 
 
86.98 
87.35 
85.64 
 
88.0 
88.0 
86.7 
 
93.0 
94.0 
92.4 
 
88.56 
88.44 
85.49 
 
89.0 
89.0 
87.0 
 
94.0 
94.0 
92.2 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
92.19 
 
 
89.12 
 
 
91.85 
 
 
89.73 
 
 
94.03 
 
 
91.13 
 
 
91.0 
 
 
89.0 
 
 
91.0 
 
 
90.0 
 
 
93.0 
 
 
91.0 
 
 
98.0 
 
 
94.0 
 
 
97.0 
 
 
95.0 
 
 
101.0 
 
 
97.0 
 
89.32 
90.00 
87.53 
90.14 
85.91 
87.33 
89.12 
89.11 
85.97 
85.22 
88.53 
84.69 
89.32 
91.83 
89.53 
82.97 
86.43 
87.80 
 
89.0 
90.0 
87.4 
90.0 
86.0 
87.4 
89.0 
89.0 
86.7 
86.0 
89.0 
84.5 
89.0 
91.0 
88.6 
82.0 
86.0 
87.7 
 
94.0 
95.0 
92.4 
95.0 
91.0 
92.3 
95.0 
94.0 
91.7 
91.0 
94.0 
90.9 
94.0 
98.0 
94.0 
89.0 
92.0 
92.4 
 
87.79 
89.50 
88.30 
88.02 
81.59 
87.45 
88.25 
87.28 
88.30 
87.30 
88.26 
81.32 
87.84 
90.60 
86.27 
84.42 
88.65 
84.70 
 
88.0 
90.0 
88.5 
87.0 
82.0 
87.6 
88.0 
88.0 
88.7 
88.0 
88.0 
81.2 
88.0 
91.0 
86.6 
84.0 
89.0 
87.8 
 
93.0 
95.0 
93.8 
93.0 
88.0 
92.2 
94.0 
93.0 
93.3 
93.0 
93.0 
87.3 
93.0 
96.0 
91.4 
91.0 
94.0 
93.5 
 
89.39 
89.17 
85.57 
89.95 
85.34 
82.50 
89.42 
88.70 
87.12 
87.73 
88.02 
81.34 
89.47 
91.23 
87.13 
84.88 
88.76 
87.56 
 
90.0 
89.0 
87.5 
90.0 
86.0 
88.1 
90.0 
89.0 
88.3 
89.0 
88.0 
80.8 
89.0 
90.0 
87.1 
84.0 
89.0 
88.1 
 
94.0 
94.0 
93.0 
96.0 
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93.5 
95.0 
94.0 
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94.0 
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87.9 
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Figure 71. Proportion of drivers, travelling at „free-speed‟, in each of the six speed categories.  
The proportion of drivers not speeding was higher in all interventions compared with the 
baseline period (see Figure 71). When the interventions are compared, the proportion of 
drivers not speeding was highest during the speed-only intervention (intervention 1). The 
proportion of drivers in the two highest speed categories also decreased, with a 75% 
reduction in drivers travelling above 130 km/h (see Table 64).   
 
Table 64. Comparing the proportion of „free-speed‟ drivers in each speed category between baseline 
and speed-related interventions. 
 Baseline Intervention 1 Intervention 2 Intervention 3 
Not Speeding 141717 (54.79%) 1262377 (77.47%) 2748063 (73.6%) 984554 (73.54%) 
Speed Cat 1 102382 (39.58%) 336870 (20.67%) 879717 (23.58%) 321064 (24.01%) 
Speed Cat 2 11064 (4.28%) 23661 (1.45%) 42289 (1.13%) 19272 (1.44%) 
Speed Cat 3 2796 (1.08%) 5269 (0.32%) 59916 (1.61%) 11420 (0.85%) 
Speed Cat 4 511 (0.20%) 948 (0.06%) 967 (0.03%) 446 (0.03%) 
Speed Cat 5 202 (0.08%) 377 (0.02%) 431 (0.01%) 277 (0.02%) 
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Comparison of all Interventions on Headway Behaviour 
 
 
Summary Statistics for all vehicles 
 
 
Figure 72. Headway descriptives for the road whole road segment, comparing baseline and two 
headway-related interventions.  
Mean headway and median headway were greater during the baseline period (headway were 
longer during intervention). The headway characteristics (mean, median and 15
th
 percentile) 
observed during the speed-only intervention (intervention 1) was between the values 
observed during intervention 2 and intervention 3. Mean and median headways were shortest 
during intervention 3 (see Figure 72 and Table 65). This finding may reflect a reduction in 
headway messages displayed during intervention 3, as this intervention involved speed and 
headway messages and speed messages had priority. The 15
th
 percentile headway was 
greatest during interventions 1 and 2.  
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Table 65. Overall headway descriptives for baseline, intervention 2 and intervention 3. 
 Baseline Intervention 1 Intervention 2 Intervention 3 
 Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Mean Median 15
th
 
%ile 
Whole segment 12.28 3.2 0.9 12.04 3.0 1.0 12.12 3.1 1.0 11.06 2.6 0.9 
Direction 
   North 
   South 
 
10.77 
13.73 
 
2.7 
3.9 
 
0.9 
0.9 
 
11.36 
12.66 
 
2.8 
3.1 
 
1.0 
1.0 
 
11.81 
12.42 
 
3.0 
3.3 
 
1.0 
1.0 
 
11.18 
10.94 
 
2.5 
2.8 
 
0.9 
1.1 
Upstream 
   Before 
   At 
   After 
 
 
12.28 
 
 
3.2 
 
 
0.9 
 
11.38 
12.69 
12.01 
 
2.7 
3.3 
3.0 
 
0.9 
0.9 
1.2 
 
11.34 
12.10 
13.18 
 
2.9 
3.3 
3.2 
 
0.9 
1.0 
1.1 
 
10.28 
10.90 
15.09 
 
2.5 
2.7 
2.9 
 
0.9 
0.9 
1.1 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
10.50 
 
 
11.15 
 
 
10.67 
 
 
10.93 
 
 
18.64 
 
 
10.92 
 
 
2.4 
 
 
2.7 
 
 
3.0 
 
 
3.3 
 
 
5.4 
 
 
3.2 
 
 
0.8 
 
 
0.9 
 
 
0.9 
 
 
0.9 
 
 
1.0 
 
 
0.9 
 
10.70 
10.76 
12.96 
11.04 
11.25 
11.54 
11.24 
11.29 
11.67 
11.65 
11.35 
11.92 
12.07 
19.47 
12.30 
11.32 
11.05 
11.98 
 
2.5 
2.5 
2.8 
2.47 
2.7 
3.0 
3.0 
3.0 
3.5 
2.9 
3.4 
3.2 
2.8 
5.5 
2.9 
2.1 
3.3 
2.7 
 
0.9 
0.8 
1.1 
0.8 
0.9 
1.2 
0.9 
0.9 
1.3 
0.9 
1.0 
1.3 
0.9 
1.0 
1.2 
0.9 
0.9 
1.2 
 
10.69 
10.71 
11.06 
11.49 
11.39 
17.44 
11.38 
11.84 
16.84 
11.38 
11.41 
11.98 
12.05 
18.70 
13.44 
11.20 
11.18 
13.11 
 
2.6 
2.6 
2.7 
2.8 
2.7 
3.2 
3.1 
3.1 
5.9 
3.2 
3.5 
3.1 
2.9 
6.6 
3.0 
3.0 
3.3 
2.8 
 
1.0 
0.9 
1.0 
0.9 
1.0 
1.2 
0.9 
1.0 
1.4 
1.0 
1.0 
1.1 
1.0 
1.3 
1.1 
0.9 
1.0 
1.2 
 
9.55 
9.52 
37.80 
10.26 
10.07 
24.38 
10.30 
10.18 
16.36 
10.23 
10.31 
10.38 
11.02 
17.10 
10.39 
9.95 
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12.31 
 
2.2 
2.3 
2.3 
2.3 
2.3 
2.8 
2.5 
2.5 
5.1 
2.8 
3.0 
2.5 
2.5 
5.6 
2.4 
2.5 
2.7 
2.6 
 
0.9 
0.9 
1.0 
0.9 
0.9 
1.1 
0.9 
0.9 
1.3 
1.0 
1.0 
1.1 
1.0 
1.2 
1.1 
0.8 
1.0 
1.2 
 
. 
 112 
 
 
 
Figure 73. The proportion of drivers in each headway category, comparing baseline and headway-
related interventions. 
 
While mean and median headways were largest during the baseline period, the proportion of 
drivers with a headway in the two smallest headway categories (0.00-0.69s and 0.70-0.99s) 
were smaller during all intervention periods (see Figure 73 and Table 66). The proportion of 
drivers with a headway of 1.00-1.99s was greater for both intervention periods, which may 
indicate that drivers with very short headways (<1 second) did increase their headway, but 
not to 2 seconds. The proportion of drivers with short headways (<2.0 seconds) was smallest 
during intervention 2 (headway-only messaging). It is perhaps noteworthy to note here that 
the proportion of drivers who were travelling with a headway of less than 1.0s was less 
during intervention 1 (speed-only messaging) compared with intervention 3 (speed and 
headway messaging).  
 
Table 66. Average number of drivers (and proportion of drivers per average daily total of vehicles) in 
each headway category.  
Headway categories Baseline Intervention 1 Intervention 2 Intervention 3 
0.01s-0.69s 543 (6.95%) 363 (4.76%) 297 (4.35%) 412 (5.0%) 
0.70s-0.99s 791 (10.13%) 667 (8.75%) 615 (9.00%) 827 (10.1%) 
1.00s-1.99s 1,725 (22.08%) 1938 (25.44%) 1,696 (24.82%) 2196 (26.8%) 
2.00s-4.99s 1,437 (18.39%) 1558 (20.46%) 1,406 (20.57%) 1724 (21.0%) 
5.0s+ 3,316 (42.45%) 3092 (40.59%) 2,820 (41.26%) 3046 (37.1%) 
Total  vehicles per day 7,812 7618 6,834 8206 
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Summary Statistics for vehicles with headway <5.0 seconds 
 
The headway behaviours of drivers with a headway of less than 5 seconds, those drivers 
deemed to be interacting with other vehicles for the „free-speed‟ analysis, was examined. 
When only these drivers were analysed, general headway descriptive were shortest during the 
baseline period (see Figure 74 and Table 67). When the effect of the two interventions was 
examined, only mean headway showed any variation between interventions, with it being 
highest during the headway-only intervention (intervention 2).  Again, mean headway was 
greater during intervention 1 compared with intervention 3. While the overall effect was site-
specific, the same general trend was observed for each VMS location (see Table 67). 
 
 
Figure 74. Headway descriptives for the whole road segment, for drivers interacting with other 
vehicles.  
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Table 67. Headway descriptive for drivers interacting with other vehicles.  
 Baseline Intervention 1 Intervention 2 Intervention 3 
 Mean Median 15
th
 %ile Mean Median 15
th
 %ile Mean Median 15
th
 %ile Mean Median 15
th
 %ile 
Whole segment 1.73 1.4 0.7 1.81 1.5 0.8 1.83 1.5 0.8 1.79 1.5 0.8 
Direction 
   North 
   South 
 
1.68 
1.78 
 
1.3 
1.4 
 
0.7 
0.7 
 
1.77 
1.84 
 
1.4 
1.5 
 
0.8 
0.8 
 
1.80 
1.86 
 
1.5 
1.5 
 
0.8 
0.8 
 
1.75 
1.82 
 
1.4 
1.5 
 
0.8 
0.8 
Upstream 
   Before 
   At 
   After 
 
 
1.73 
 
 
1.4 
 
 
0.7 
 
1.70 
1.75 
1.97 
 
1.3 
1.4 
1.7 
 
0.7 
0.7 
1.0 
 
1.76 
1.82 
1.93 
 
1.4 
1.5 
1.6 
 
0.8 
0.8 
0.9 
 
1.74 
1.79 
1.93 
 
1.4 
1.5 
1.6 
 
0.8 
0.8 
0.9 
Locations 
   Before Black Mountain 
   At Black Mountain 
   After Black Mountain 
   Before Tuchekoi 
   At Tuchekoi 
   After Tuchekoi 
  Before Traverston 
   At Traverston 
   After Traverston 
   Before Kybong 
   At Kybong 
   After Kybong 
   Before Coles Creek 
   At Coles Creek 
   After Coles Creek 
   Before Federal 
   At Federal 
   After Federal 
 
 
1.63 
 
 
1.67 
 
 
1.73 
 
 
1.80 
 
 
1.84 
 
 
1.70 
 
 
1.3 
 
 
1.3 
 
 
1.3 
 
 
1.5 
 
 
1.4 
 
 
1.3 
 
 
0.7 
 
 
0.7 
 
 
0.7 
 
 
0.7 
 
 
0.6 
 
 
0.7 
 
1.66 
1.63 
1.12 
1.70 
1.71 
1.96 
1.77 
1.77 
2.05 
1.74 
1.82 
2.03 
1.76 
1.87 
1.70 
1.58 
1.74 
2.01 
 
1.3 
1.3 
1.5 
1.3 
1.3 
1.7 
1.4 
1.4 
1.8 
1.4 
1.5 
1.8 
1.4 
1.5 
1.6 
1.3 
1.4 
1.7 
 
0.7 
0.7 
0.9 
0.7 
0.7 
1.0 
0.7 
0.7 
1.0 
0.8 
0.8 
1.1 
0.8 
0.7 
1.0 
0.7 
0.7 
1.1 
 
1.73 
1.71 
1.79 
1.74 
1.75 
1.97 
1.80 
1.81 
2.14 
1.83 
1.86 
1.92 
1.78 
2.08 
1.87 
1.67 
1.81 
2.02 
 
1.4 
1.4 
1.5 
1.4 
1.4 
1.7 
1.4 
1.5 
1.9 
1.5 
1.5 
1.6 
1.4 
1.8 
1.6 
1.3 
1.5 
1.8 
 
0.8 
0.8 
0.8 
0.7 
0.8 
1.0 
0.8 
0.8 
1.0 
0.8 
0.8 
0.9 
0.8 
0.8 
0.9 
0.7 
0.8 
1.0 
 
1.71 
1.70 
1.81 
1.70 
1.75 
1.86 
1.75 
1.75 
2.12 
1.84 
1.86 
1.91 
1.77 
2.09 
1.84 
1.67 
1.81 
2.04 
 
1.4 
1.4 
1.5 
1.3 
1.4 
1.6 
1.4 
1.4 
1.8 
1.5 
1.5 
1.6 
1.5 
1.8 
1.5 
1.3 
1.5 
1.8 
 
0.8 
0.7 
0.9 
0.7 
0.8 
0.9 
0.8 
0.8 
1.0 
0.8 
0.8 
1.0 
0.8 
0.8 
0.9 
0.7 
0.8 
1.0 
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PART I: SUMMARY  
 
 
The installation of VMS, and the use of targeted speed and headway messages, along a 
segment of the Bruce Highway was associated with significant changes to driver‟s behaviour. 
Regardless of the messages displayed, either speed-related or headway-related, there was a 
reduction in speed of travel. Mean speeds, median speeds, 85
th
 percentile speed and 
maximum speeds were all reduced over the segment. Speed and headway messages 
(intervention 3) had the greatest effect on mean speed, followed by speed-only messages 
(intervention 1). The difference in mean speed between intervention 3 and intervention 1 was 
0.11 km/h. However, intervention 1 was associated with a greater proportion of drivers not 
speeding (travelling ≤92km/h) and with a lower 85th percentile speed. While headway 
messages were not designed to have an effect on drivers speed behaviour, there was still a 
reduction in mean speed of almost 3 km/h during intervention 2 compared with the baseline 
measure.  
 
When „free-speed‟ measures of travel speed were analysed, the speed-only messages 
(intervention 1) had a greater effect on all speed measures compared with the combined speed 
and headway messages (intervention 3) or with headway-only messages (intervention 2).  
 
The use of targeted messages also had an impact on drivers‟ headway behaviour. When 
drivers that were deemed to be interacting were analysed, mean headway increased most 
during headway-only messaging period (intervention 2). Headway also increased during 
intervention 1 (speed-only messaging) and intervention 3 (speed and headway messaging), 
with the improvement in mean headway largest for intervention 1 (speed-only messaging). 
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PART II: RESULTS OF A DRIVER SELF-REPORT SURVEY 
 
METHODOLOGY 
A community-based survey was conducted, in which drivers stopping at a service station at a 
site near-to the location of the VMS field study were asked to fill out a brief survey. Potential 
locations for distributing the survey were inspected by the research team to determine an 
appropriate survey site, in terms of physical space and likely driver thoroughfare, and 
proximity to the VMS installations for drivers heading both north and southbound on the 
Bruce highway. The site chosen was the Kybong Matilda Station. Approval was sought and 
gained from the relevant persons at this location for the research team to conduct data 
collection, which occurred during the week commencing 16/05/2011.  
All participants were approached in the food court of the service station. They were then 
given an information sheet regarding their participation in the project. Return of a completed 
questionnaire was regarded as  consent to participate. The survey was anonymous and no 
personally identifying information was requested. The survey took between 10-15 mintues to 
complete. The participants who completed the survey received $10 reimbursement.   
The survey explored such issues as cued and free recall of the VMS installations (and the 
message/s appearing on them), individuals‟ attitudes regarding the signs and messages, the 
effectiveness of such messages in terms of influencing self-reported intentions and 
behaviours, as well as individuals‟ attitudes towards the use of VMSs more generally. The 
content of the survey was guided by previous research studies of VMS (refer to the “Vehicle-
Activated Signs (VAS) as a Method of Speed Management: A Literature Review” document) 
which included provision for assessment of changes to behavioural attitudes, intentions, and 
behaviours as a result of exposure to the VMSs and the messages that they displayed. The full 
survey is included in Appendix E.  
The only selection criterion for the survey was that the participant held a current Australian 
licence. The final sample for the survey was 248 licensed drivers. Demographic details of the 
final sample are detailed in the subsequent section of this report.  
 
RESULTS 
Demographics 
The sample comprised of 70.2% males (n = 174) and 29.8% females (n = 74), with a mean 
age of 49.5 years (SD = 16.1 years, range = 16-81). The majority of participants (93.9%) held 
an Open licence, with 4% holding a Provisional licence and 2% a Learner‟s Permit. 
Participants had held their licence for a mean of 30.5 years (SD = 16.5 years, range = 1-64). 
As can be seen in Table 68 below, there was an overrepresentation of males and older drivers 
in the sample, compared with licensed driver information for Queensland in 2010 provided 
by the Department of Transport and Main Roads (TMR).  
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Table 68. Comparison of sample demographics with Queensland licensed drivers for 2010 (Data 
provided by Department of Transport and Main Roads Queensland - TMR). 
 
Current Sample 2010 TMR Data 
Gender 
  
   Male 70.2% 51.5% 
   Female 29.8% 48.5% 
Age 
  
   16-24 10.1% 14.5% 
   25-29 7.7% 9.3% 
   30-39 9.7% 18.9% 
   40-49 16.2% 19.3% 
   50-59 25.9% 17.0% 
   60+ 30.4% 21.0% 
Licence type 
  
   Learner 2.0% 5.6% 
   Provisional 4.0% 5.5% 
   Open 93.9% 88.9% 
 
A large proportion (46.1%) of all participants stated that they would travel between 250 and 
500 kilometres as part of their travel on the day they were completing the survey, while a 
fifth reported that their estimate was that they would travel up to 250 kilometres, and a third 
reported they would travel in excess of 500 kilometres (M = 399.9, SD = 192.7, range = 22-
1200). Similarly, the majority of participants estimated that their travel time for the day 
would be between three and five hours (31%) or between five and seven hours (34.7%), with 
a fifth reporting they would travel for longer than seven hours and 14.1% reporting total 
travel times of less than three hours (M = 307.2, SD = 141.2, range = 20-960). The majority 
(53.7%) of participants reported having already travelled between 100 and 250 kilometres, 
while a fifth reported having travelled up to 100 kilometres and quarter reported having 
travelled over 250 kilometres (M = 188.8, SD = 118.8, range = 5-600).  
The majority of drivers were not regular drivers of the section of the Bruce Highway where 
the VMS were located. Indeed, 44.3% reported driving along the section only monthly/ 
almost monthly, while 37.8% reported that they drove the section yearly or that their journey 
along the section was a once-off trip. Only 10.3% reported driving the section on a weekly 
basis, while 7.3% reported driving the section on a daily basis. Not surprisingly then, the 
majority of participants reported that the main purpose of the trip was for holiday or visiting 
friends or relatives (51.7%). A fifth of respondents were driving as part of their occupation or 
study, while equal proportions (14.2%) reported driving the section for the purposes of 
travelling to shopping, leisure or entertainment or driving to or from work. 
Almost two-thirds (59.7%) of participants reported that they were driving a car/wagon, while 
a further 34.3% reported driving a van/4WD. Fewer participants reported driving a heavy 
vehicle such as a truck or bus (4.4%) or riding a motorcycle (1.6%). The majority of 
participants (80.6%) reported driving/riding privately owned vehicles. 
The majority of participants were either employed full-time (41.5%) or retired (33.9%). A 
further 15.7% were employed part-time, 3.2% were studying and 2% were full-time carers, 
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while just 4.4% reported being unemployed. Over a third of participants (37.2%) reported 
tertiary qualifications as their highest educational attainment, while 22.7% had finished year 
12, 35.2% had finished year 10 and 4.9% had finished primary school. 
A total of 38 participants (15.4%) reported having been involved in a traffic crash in the 
previous three years. Of those, 31 (81.6%) reported having been involved in a single crash 
during that time only, while seven (18.4% reported involvement in multiple crashes, with the 
greatest number of crashes reported by one participant being four. In addition, of the 38 
participants reporting recent crash involvement only six (15.8%) reported that the incident 
involved them crashing into the rear-end of another vehicle. Over a third of participants (n = 
84, 35.7%) reported having received a speeding infringement in the previous three years. Of 
these, 45 (53.6%) reported just a single infringement, while 39 (46.4%) reported having 
received multiple infringements, with the highest number reported by a single participant 
being eight.  
Past speeding and tailgating behaviour and perceptions of risk 
Self-reported frequency of a range of speed and headway related driving behaviours were 
provided by participants. Means and standard deviations for each of the behaviours are shown 
in Table 69, with all behaviours measured on a 7-point Likert scale (end points anchored 
only) and higher scores representing more frequent behaviour. As can be seen, speeding 
behaviour was not particularly prevalent among the sample, with the mean for self-reports of 
exceeding the speed limit by less than 13km/h lower than the neutral response option. 
Moreover, a paired samples t-test revealed that self-reports for exceeding the speed limit by 
13km/h or more were significantly lower than exceeding the speed limit by less than 13km/h, 
t (238) = 14.79, p < .001, η2 = .48. Based on Cohen‟s (1988) criteria this effect appears to be 
very large. In addition, self-reported tailgating was also quite low among the sample. 
Specifically, low levels of travelling too close to the vehicle in front, whether measured in 
terms of time (i.e., two seconds) or distance (i.e., two car lengths), were reported. 
Table 69. Self-reported speeding and tailgating behaviours. 
Behaviour Mean SD 
Exceed the speed limit (by less than 13km/h)  3.23 1.80 
Exceed the speed limit (by 13km/h or more) 1.74 1.23 
Drive less than two (2) car lengths behind a vehicle in front during free-flowing traffic 2.28 1.58 
Drive less than two (2) seconds behind a vehicle in front during free-flowing traffic 2.24 1.52 
 
The perceived risk associated with various high-risk and illegal driving behaviours, including 
but not limited to speeding and tailgating were also explored. Perceived risk was measured on 
a 7-point Likert scale (end points anchored only), with higher scores representing a greater 
perceived risk associated with the behaviour. The means and standard deviations are provided 
in Table 3. As can be seen, driving while impaired by alcohol or drugs was perceived to be an 
extremely risky behaviour. In addition, very high levels of perceived risk were also found for 
driving when tired/fatigued, not wearing a seat belt and tailgating. Slightly lower levels of 
perceived risk were reported in relation to exceeding the speed limit by 13km/h or more, 
while neutral perceptions of risk were reported in relation to exceeding the speed limit by less 
than 13km/h.  
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Table 70. Perceived risk associated with various high-risk and illegal driving behaviours. 
Behaviour Mean SD 
Exceeding the speed limit by less than 13km/h 4.05 1.65 
Exceeding the speed limit by more than 13km/h 5.72 1.29 
Tailgating/driving too close to the vehicle in front 6.22 1.05 
Driving while impaired by alcohol 6.81 0.68 
Driving while impaired by drugs 6.84 0.63 
Driving when tired/fatigued 6.49 0.85 
Not wearing your seatbelt when driving 6.39 1.15 
 
In relation to the speeding and tailgating behaviours, a one-way repeated measures analysis of 
variance (ANOVA) was conducted to investigate differences in perceived risk between the 
three behaviours. Mauchley‟s test of sphericity was significant suggesting violation of the 
assumption of the heterogeneity of variance. As a result the analysis reports on the 
multivariate statistic Wilk‟s Lambda and subsequent statistics. Post-hoc comparisons were 
adjusted using the Bonferroni correction. Results indicated a significant difference in the 
perceived risk between the behaviours, Wilk‟s Lambda = .30, F (2, 240) = 284.10, p < .001, 
ηp
2
 = .70. Based on Cohen‟s (1988) criteria this effect appears to be very large. Assessing the 
pairwise comparisons, tailgating was perceived to be significantly more risky compared with 
either exceeding the speed limit by less than 13km/h or by 13km/h or more (p < .001 in both 
instances). In addition, exceeding the speed limit by 13km/h or more was perceived to be 
significantly more risky compared with exceeding the speed limit by less than 13km/h (p < 
.001). 
The self-reported likelihood of speeding in various situations was also investigated, with 
means and standard deviations presented in Table 70. Likelihood of speeding was measured 
on a 7-point Likert scale (end points anchored only), with higher scores representing a greater 
likelihood of speeding in that particular situation. As can be seen, results were largely 
consistent with self-reported levels of frequency of speeding outlined in Table 71. In all 
situations, means were lower than the neutral point on the response scale, with speeding more 
likely in more favourable traffic conditions (e.g., limited traffic, good weather conditions, 
familiar roads) compared with unfavourable conditions (e.g., raining, at night). Participants 
also typically reported a slightly greater likelihood of speeding to keep up with the flow of 
traffic or when running late compared with when pressured by tailgating drivers. 
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Table 71. Likelihood of self-reported speeding in various driving situations. 
Likelihood of speeding: Mean SD 
On a clear, dry day with little traffic 3.36 1.80 
On a road you are very familiar with 3.38 1.80 
When there are no other cars on the road 3.40 1.80 
In wet conditions 1.74 1.24 
At night 2.04 1.40 
When you are in a hurry to get somewhere 3.05 1.72 
To keep up with traffic 3.19 1.79 
When pressured by drivers following too closely behind you 2.74 1.75 
 
General attitudes toward road safety 
Participants were asked to indicate their agreement with a number of items designed to 
investigate their attitudes toward speeding behaviour and speed enforcement, ranging from 
strongly agree to strongly disagree on a 5-point Likert scale (all points anchored). For clarity, 
agreement refers to those who reported either agreeing or strongly agreeing with the 
statement, while disagreement refers to those who disagreed or strongly disagreed. The 
results are shown in Table 72 and suggest that overall participants had negative attitudes 
toward speeding behaviour. Indeed, the majority of participants (64.9%) agreed that 
„speeding is a serious offence‟. Nonetheless, the majority (73.2%) also acknowledged that 
„all drivers exceed the speed limit every now and then‟.  
Table 72. Attitudes toward speeding behaviour. 
 Proportion of respondents (%) 
 
Strongly 
Agree 
Agree Neutral Disagree 
Strongly 
Disagree 
It‟s OK for a skilful driver to speed 4.9 6.1 10.6 33.3 45.1 
Driving up to 10km/hr over the speed limit isn‟t 
really speeding  
7.0 16.5 22.7 27.7 26.0 
Everybody exceeds the speed limit now and then  22.4 50.8 17.9 6.5 2.4 
Speeding is a serious offence 26.5 38.4 19.6 9.0 6.5 
It‟s OK to exceed the speed limit just as long as 
you don‟t do it too much 
3.7 11.9 17.7 41.2 25.5 
I don‟t consider it speeding if you are driving to 
the conditions of the road (even if this is 
faster than the posted speed limit) 
6.9 19.9 16.7 34.1 22.4 
Speeding can be safe in some circumstances 6.1 31.1 18.9 27.0 16.8 
Exceeding the speed limit under any conditions is 
dangerous 
21.3 25.4 21.3 25.4 6.6 
      
 
Various degrees of agreement were reported in relation to the conditions of speeding 
behaviour. Specifically, participants appeared relatively divided regarding beliefs that 
„speeding can be safe in some circumstances‟ (37.2% agreed, 18.9% neutral, 43.8% 
disagreed), that „exceeding the speed limit under any conditions is dangerous‟ (46.7% agree, 
21.3% neutral, 32% disagree), and to a lesser extent, that „it isn‟t speeding if you are driving 
to the conditions of the road, even if this is faster than the posted speed limit‟ (26.8% agree, 
16.7% neutral, 56.5% disagree) and that „driving up to 10km/hr over the speed limit isn‟t 
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really speeding‟ (23.5% agree, 22.7% neutral, 53.7% disagree). Conversely, there was lower 
levels of agreement with the statements that „it is OK for a skilful driver to speed‟ (11% 
agree, 10.6% neutral, 78.4% disagree) and that „it it OK to exceed the speed limit just as long 
as you don‟t do it too much‟ (15.6% agree, 17.7% neutral, 66.7% disagree). 
General attitudes about VMS 
Participants reported their perceptions regarding the usefulness of various types of 
information on VMS. Participant responses are presented below in Table 73, ranging from 
very useful to not at all useful on a 4-point Likert scale (all points anchored). Overall, 
participants reported high levels of perceived usefulness for all messages examined, with 
between 76.9% and 99.6% perceiving the various messages to be either very or somewhat 
useful. Messages advising drivers of impending traffic congestion were perceived to be most 
useful. Interestingly, fewer participants perceived messages indicating the penalties 
associated with exceeding the speed limit to be useful compared with messages advising 
drivers to slow down if they are exceeding the speed limit (80.7% and 93.9%, respectively). 
Messages regarding driving while fatigued or distracted, advising drivers to increase their 
headway if following too closely and general messages about wearing seat belts also had 
strong support as being useful messages. General messages about drink and drug driving 
were associated with slightly less (although still strong) support, perhaps as a function that 
these behaviours tend to be engaged in by a smaller proportion of the driving population and 
thus may not be perceived as being as personally relevant to the majority of drivers.  
Table 73. Perceived usefulness of various types of information for VMS. 
 Proportion of respondents (%) 
 
Very 
useful 
Somewhat 
useful 
Not very 
useful 
Not at all 
useful 
Penalties associated with exceeding the speed limit 42.2 38.5 15.2 4.1 
Advising drivers to slow down if they are speeding 67.1 26.8 5.3 0.8 
Advising drivers to back off if they are tailgating 61.9 24.7 10.1 3.2 
Advising drivers of traffic congestion ahead 85.0 14.6 0.0 0.4 
Drink driving road safety messages 43.3 36.0 15.4 5.3 
Drug driving road safety messages 45.3 31.6 16.6 6.5 
Seat belt wearing road safety messages 51.4 30.8 14.6 3.2 
Fatigue/inattention road safety messages 53.8 33.2 10.5 2.4 
 
A number of items also investigated agreement with numerous statements regarding 
perceptions of the distractibility of VMS, perceived accuracy of information presented, 
usefulness and self-reported impact on behaviour. Results are shown in Table 74, with 
responses measured on a 5-point Likert scale ranging from strongly agree to strongly 
disagree (all points anchored). In the following paragraphs agreement again refers to those 
who reported either agreeing or strongly agreeing with the statement, while disagreement 
refers to those who disagreed or strongly disagreed.  
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Table 74. General attitudes toward VMS. 
 Proportion of respondents (%) 
 
Strongly 
Agree 
Agree Neutral Disagree 
Strongly 
Disagree 
The signs distract my attention from the road 5.7 19.8 25.1 36.0 13.4 
The signs are a useful source of information 28.6 54.7 11.4 4.1 1.2 
I believe the information displayed on the signs is 
correct/accurate 
14.3 46.7 23.0 11.5 4.5 
The signs are a good place to show general safety 
messages 
25.7 48.2 15.1 8.6 2.4 
The signs should only be used for urgent/real-
time messages 
14.0 24.4 26.4 26.9 8.3 
Using these signs to warn me that I am exceeding 
the speed limit would make me slow down 
36.4 47.0 5.3 8.9 2.4 
Using these signs to warn me that I am travelling 
too close to the vehicle in front would make 
me increase my following distance 
26.4 51.2 10.2 7.3 4.9 
The signs do not affect my behaviour 5.7 15.4 15.4 44.9 18.6 
The signs remind me to drive more safely 28.7 47.8 14.2 5.7 3.6 
 
Overall, half of all participants disagreed that VMS would distract their attention from the 
road; however a quarter agreed that the signs would reduce their attention. Almost two-thirds 
(63.5%) of respondents suggested that VMS would affect their behaviour, typically of the 
nature and direction of positive behavioural changes. Indeed, over three-quarters of 
participants (76.5%) suggested the signs would remind them to drive more safely, while 
83.4% agreed that they would reduce their vehicle speeds if speeding and 77.6% agreed they 
would increase their headway if following too closely to the vehicle in front, if instructed to 
do so by the VMS. 
Finally, consistent with the findings presented in Table 73 the vast majority of participants 
(83.3%) agreed that VMS is a useful source of information when driving. Consistent with 
previous research, the majority of participants (61%) agreed that it is important to present 
accurate information on VMS. However somewhat inconsistent with prior research, almost 
three-quarters (73.9%) agreed that VMS are a suitable location for displaying general safety 
messages, with the sample relatively split regarding whether VMS should only be used for 
urgent, real-time messages (38.4% agreed, 26.4% neutral, 35.2% disagreed). 
Impact of single versus multiple VMS 
Of particular interest was an investigation of the impact of a single versus multiple VMS (or 
more accurately the messages displayed on the signs) on driver behaviour. Responses to a 
series of statements regarding attitudes toward the use of single versus multiple VMS are 
shown in Table 75, with responses measured on a 5-point Likert scale ranging from strongly 
agree to strongly disagree (all points anchored). Agreement again refers to those who 
reported either agreeing or strongly agreeing with the statement, while disagreement refers to 
those who disagreed or strongly disagreed. There was a general consensus that compared 
with a single VMS, multiple VMSs would improve driving behaviour, including reducing 
tailgating (53%), preventing speeding (49.6%) and more generally increasing the ease in 
which drivers could monitor their speed and following distance (62.8%). Overall, there were 
mixed attitudes regarding the degree to which multiple VMS would be more distracting 
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(30.4% agreed, 27.1% neutral, 42.5% disagreed) and more annoying (27.4% agreed, 31% 
neutral, 41.6% disagreed). 
Table 75. Attitudes toward the use of single versus multiple VMS. 
 Proportion of respondents (%) 
For drivers, having a few VMS’s in a row, 
rather than one on its own, would: 
Strongly 
Agree 
Agree Neutral Disagree 
Strongly 
Disagree 
Make it easier to keep track of speed and distance 12.4 50.4 16.5 15.7 4.8 
Prevent speeding 11.7 37.9 23.4 22.2 4.8 
Make driving behaviour worse 2.4 9.7 25.8 49.2 12.9 
Be more annoying 6.0 21.4 31.0 33.1 8.5 
Help stop tailgating 10.1 42.9 25.5 17.0 4.5 
Be more distracting 8.9 21.5 27.1 34.4 8.1 
 
The direct influence of single or multiple VMS on self-reported driving behaviour and the 
perceived driving behaviour of other drivers was also examined. Specifically, participants 
were asked to indicate how influential a single VMS or multiple VMS displaying vehicle-
activated speeding and tailgating messages would be on their driving behaviour, as well as 
the driving behaviour of others (5-point Likert scale ranging from 1 = no influence at all to 5 
= much influence, end points and neutral point anchored).  
As can be seen in Table 76 (and consistent with results from Table 74 suggesting that VMS 
will positively impact upon behaviour) the majority of participants reported that VMS 
influence their driving behaviour. In addition, it was argued that VMS would also influence 
the driving behaviour of other drivers, however to a lesser extent (participants appeared 
unsure of the influence of VMS on the behaviour of other drivers). Specifically, for 
participant self-reports, few differences were found between the influence of a single VMS 
(73.7% some influence, 15% neutral, 11.4% little or no influence) versus the use of multiple 
VMS (70.5% some influence, 17.3% neutral, 12.1% little or no influence). A similar pattern 
of results was observed when examining the perceived influence of a single VMS (43.1% 
some influence, 37.2% neutral, 18.6% little or no influence) versus multiple VMS (46.5% 
some influence, 33.2% neutral, 20.3% little or no influence) on the driving behaviour of 
others. 
Table 76. Influence of single versus multiple VMS on driving behaviour of self and others. 
 Proportion of respondents (%) 
 
No 
influenc
e at all 
 Neutral  
Much 
Influence 
Single VMS      
Self-reported influence on driving behaviour 6.9 4.5 15.0 40.5 33.2 
Perceived influence on other‟s driving behaviour 6.5 12.1 37.2 32.0 12.1 
Multiple VMS      
Self-reported influence on driving behaviour 6.5 5.6 17.3 40.3 30.2 
Perceived influence on other‟s driving behaviour 5.3 15.0 33.2 35.6 10.9 
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To further test the differential influence of single versus multiple VMS a series of paired 
samples t-tests were conducted. The means and standard deviations of the data are presented 
in Table 77. These analyses confirmed that there were no significant differences between the 
reported influence of a single VMS versus multiple VMS on the self-reported driving 
behaviour of participants, t (246) = 1.12, p = .264, or on the perceived influence on the 
driving behaviour of others, t (246) = -0.18, p = .854. However, the analyses revealed 
significant differences in the influence of VMS when comparing self-reports to the perceived 
influence of VMS on the driving behaviour of others, with participants suggesting the signs 
would have a greater influence on their own behaviour compared with the behaviour of other 
drivers. This finding was true both in relation to the use of a single VMS, t (245) = 7.85, p < 
.001, η2 = .20, and the use of multiple VMS, t (246) = 7.33, p < .001, η2 = .17. Based on 
Cohen‟s (1988) criteria, both of these effects appeared to be large. 
Table 77. Means and standard deviations of the influence of single versus multiple VMS on 
driving behaviour of self and others. 
 Mean SD 
Single VMS   
Self-reported influence on driving behaviour 3.89 1.13 
Perceived influence on other‟s driving behaviour 3.31 1.05 
Multiple VMS   
Self-reported influence on driving behaviour 3.82 1.12 
Perceived influence on other‟s driving behaviour 3.32 1.03 
 
Participants also reported on the number and content of VMS messages
4
 they saw during 
their trip (see the following section for a more detailed analysis of this data). From this data, 
26.2% (n = 65) of the entire sample reported seeing a single speed or headway message 
displayed on a VMS, while 31.9% (n = 79) reported seeing multiple speed and/or headway 
messages displayed. Of the 65 drivers reporting to have seen only one message, 12.3% (n = 
8) saw only a speed-related message while 87.7% (n = 57) saw only a headway-related 
message. Of those who reported seeing multiple messages, 64.6% (n = 51) saw both the 
speed and headway-related messages, 30.4% (n = 24) saw multiple headway messages and 
5.1% (n = 4) saw multiple speed messages. 
A series of independent samples t-tests and chi-square analyses revealed no significant 
differences in self-reported driving behaviour (or previous crash or speeding infringement 
histories) between those drivers reporting having seen a single VMS message compared with 
those who reported having seen multiple messages (see Tables 78 and 79). In addition, no 
significant differences were found in relation to beliefs regarding the additional benefits of 
multiple VMS, compared with a single VMS (see Table 80). 
  
                                                 
4
 This data relates specifically to the messages reportedly seen by drivers, rather than the signs themselves. That 
is, drivers who saw multiple VMS of which none presented a message to the driver were excluded from the 
analyses described in this section.  
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Table 78. Self-reported speeding and tailgating behaviour of drivers who reported seeing a 
single VMS message compared with drivers who reported seeing multiple VMS messages. 
 
Single VMS  
message seen 
Multiple VMS  
messages seen 
How often do you: Mean SD Mean SD 
Exceed the speed limit by less than 13km/h 3.08 1.75 3.19 1.78 
Exceed the speed limit by 13km/h or more 1.49 0.77 1.81 1.40 
Drive less than two car lengths behind a vehicle in 
front during free-flowing traffic 
2.31 1.44 2.30 1.48 
Drive less than two seconds lengths behind a 
vehicle in front during free-flowing traffic 
2.42 1.46 2.19 1.41 
Note: Higher scores represent more frequent behaviour. 
Table 79. Self-reported crash and speeding infringement history of drivers who reported 
seeing a single VMS message compared with drivers who reported seeing multiple VMS 
messages. 
 
Single VMS  
message seen 
Multiple VMS  
messages seen 
In the past three years have you: Yes No Yes No 
Been involved in a crash as a driver 13.8% 86.2% 12.8% 87.2% 
Been involved in an at-fault rear-end crash as a 
driver 
3.1% 96.9% 1.3% 98.7% 
Been fined for speeding 38.1% 61.9% 38.2% 61.8% 
 
Table 80. Differences in beliefs regarding the additional benefits of multiple VMS compared 
with single VMS between drivers who reported seeing a single VMS message compared with 
those who reported seeing multiple VMS messages. 
Having a few VMS in a row, 
rather than just one, would: 
Single VMS message seen Multiple VMS messages seen 
Agreement Neutral Disagreement Agreement Neutral Disagreement 
Make it easier to keep track of 
speed and distance 
23.1% 26.2% 50.8% 19.0% 15.2% 65.8% 
Prevent speeding 30.8% 24.6% 44.6% 25.3% 22.8% 51.9% 
Help stop tailgating  21.5% 32.3% 46.2% 21.5% 20.3% 58.2% 
Make driving behaviour worse 58.5% 29.2% 12.3% 65.8% 21.5% 12.7% 
Be more annoying  43.1% 21.5% 35.4% 39.2% 35.4% 25.3% 
Be more distracting 31.3% 37.5% 31.3% 48.1% 21.5% 30.4% 
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Comparing those drivers who reported seeing a single speed-related message and those who 
saw multiple messages of which at least one included a speed-related message, no significant 
difference was observed regarding perceptions of who the message was directed at, χ2 (2, n = 
84) = 0.70, p = .71, ф = .09 (see Figure 75). Moreover, similar results were reported in 
relation to the headway-related messages, with no significant differences found regarding 
perceptions of who the sign was directed at, χ2 (2, n = 128) = 2.85, p = .24, ф = .15 (see 
Figure 76). 
 
Figure 75. Differences in perceptions regarding who the speed message was directed toward between 
drivers who reported seeing a single VMS message and those who reported seeing multiple VMS 
messages. 
 
Figure 76. Differences in perceptions regarding who the headway message was directed toward 
between drivers who reported seeing a single VMS message and those who reported seeing multiple 
VMS messages. 
  
37.5 
45.8 
16.7 
35 
40 
25 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
Yes No - direct at another driver No - general info for all drivers 
Single message seen Multiple messages seen 
32.8 
39.7 
27.6 
22.9 
54.3 
22.9 
0 
10 
20 
30 
40 
50 
60 
Yes No - direct at another driver No - general info for all drivers 
Single message seen Multiple messages seen 
 127 
 
There was also no significant differences observed in relation to the self-reported impact of 
the VMS messages on subsequent behaviour. Indeed, while results appeared to show more 
positive impacts on speeding behaviour associated with seeing multiple speed-related 
messages, this finding did not reach statistical significance, χ2 (2, n = 82) = 3.34, p = .19, ф = 
.20 (see Figure 77). Similar results were also found in relation to the headway-related 
messages, χ2 (3, n = 121) = 3.53, p = .32, ф = .17 (see Figure 78). 
 
Figure 77. Differences in self-reported impact of speed message on speeding behaviour between 
drivers who reported seeing a single VMS message and those who reported seeing multiple VMS 
messages. 
 
Figure 78. Differences in self-reported impact of headway message on following distance between 
drivers who reported seeing a single VMS message and those who reported seeing multiple VMS 
messages. 
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A series of chi-square tests
5
 were also conducted to examine differences in perceptions and 
attitudes toward the speed and headway messages. While slightly more drivers who reported 
seeing multiple messages perceived speed-related messages to more accurately reflect their 
actual behaviour (see Figure 79), this finding failed to reach significant significance, χ2 (1, n 
= 81) = 0.73, p = .39, ф = -.12. Conversely, a significant difference was found in relation to 
the headway messages, with drivers who reported seeing multiple VMS messages 
significantly more likely to perceive the messages as accurately reflecting their behaviour 
compared with those drivers who only saw a single headway sign (see Figure 80), χ2 (1, n = 
127) = 5.22, p = .02, ф = -.22.  
 
Figure 79. Differences in perceived accuracy of how the speed message reflected actual speeding 
behaviour between drivers who reported seeing a single VMS message and those who reported seeing 
multiple VMS messages. 
 
Figure 80. Differences in perceived accuracy of how the headway message reflected actual following 
distance between drivers who reported seeing a single VMS message and those who reported seeing 
multiple VMS messages. 
                                                 
5
 All chi-square analyses involving 2x2 tables report the chi-square statistic with Yate‟s continuity correction 
which compensates for the overestimation of the chi-square value when used with a 2x2 table. 
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An almost identical pattern of results was found in relation to perceived usefulness of the 
speed and headway messages. That is, slightly more drivers who reported seeing multiple 
messages again perceived speed-related messages to be more useful compared with drivers 
who only saw a single message (see Figure 81), however this finding failed to reach 
significant significance, χ2 (1, n = 81) = 0.84, p = .36, ф = -.14. In contrast, a significant 
difference was found in relation to the headway messages, with drivers who reported seeing 
multiple messages significantly more likely to perceive the messages as useful compared with 
those drivers who only saw a single headway sign (see Figure 82), χ2 (1, n = 132) = 5.18, p = 
.02, ф = -.22.  
 
Figure 81. Differences in perceived usefulness of speed messages between drivers who reported 
seeing a single VMS message and those who reported seeing multiple VMS messages. 
 
Figure 82. Differences in perceived usefulness of headway messages between drivers who reported 
seeing a single VMS message and those who reported seeing multiple VMS messages. 
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A number of additional perceptions were examined in relation to the speed messages, given 
the unique feature of penalty information being provided to drivers. Indeed, participants were 
asked to report whether they believed the penalties displayed were likely to be enforced. As 
can be seen in Figure 83, drivers who saw multiple speed-related messages were significantly 
more likely to perceive the penalties displayed as likely to be enforced compared with drivers 
who only saw a single message, χ2 (1, n = 85) = 4.35, p = .04, ф = -.25. Similarly, as can be 
seen in Figure 84, drivers who saw multiple speed-related messages were significantly more 
likely to perceive the penalty information presented as being more credible compared with 
those drivers who only saw a single message, χ2 (1, n = 82) = 5.74, p = .02, ф = -.29. 
 
Figure 83. Differences in perceived likelihood of the enforcement of penalties for speeding displayed 
on VMS between drivers who reported seeing a single VMS message and those who reported seeing 
multiple VMS messages. 
 
Figure 84. Differences in perceived credibility of the penalty information associated with speeding 
displayed on VMS between drivers who reported seeing a single VMS message and those who 
reported seeing multiple VMS messages. 
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Finally, differences in perceptions of the number of VMS in the south-east Queensland region 
were also examined. As can be seen in Figure 85, there were no significant differences in 
perceptions of the number of VMS employed in the region between those drivers who 
reported seeing a single message compared with those who reported seeing multiple 
messages, χ2 (2, n = 140) = 0.27, p = .87, ф = .04. 
 
Figure 85. Differences in perceptions regarding the extensiveness of VMS operation in south-east 
Queensland between drivers who reported seeing a single VMS message and those who reported 
seeing multiple VMS messages. 
Recall of VMS message content 
Prior to investigating the recall of the VMS message content, respondents were required to 
answer a number of validity check questions. These questions assessed the location at which 
the participant first joined the Bruce Highway during their trip that day and also whether the 
driver had deviated from the highway (and if so, which exit/s did they exit and re-enter on) on 
their journey. 
Overall, of the 248 participants only 75 (30.2%) reported having deviated from the highway 
during their journey. Of those drivers who had deviated from the highway, 52 (69.3%) re-
entered the highway at the same exit at which they had exited from. That is, only 17 (22.6% 
or 6.9% of the entire sample) had deviated from the Bruce Highway in such a way that a 
section of the highway was not driven (i.e., exited at one exit and re-entered at an exit further 
up/downstream of the highway). Furthermore, analysis of the locations at which these 17 
drivers exited and re-entered the highway revealed that only six deviated in such a way that 
the section of the highway where the VMS signs are located was not driven on, with data 
missing for a further six participants.  
Those six participants whose responses revealed that they had deviated in such a way that 
they missed the sections of the highway with the VMS were excluded from further analyses 
related to behavioural reactions to these signs and specific attitudes relating to these signs. In 
addition, two of the six drivers who did not report the locations at which they exited and re-
entered the highway were also excluded on the basis of providing inconsistent responses to 
the free and cued recall items (see below for more detail). The remaining four participants 
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with missing deviation data were retained on the basis that they provided consistent free and 
cued recall data and could be reliably assumed to have seen the VMS.  
Free and cued recall of VMS messages 
Both free and cued recall of VMS messages was investigated. Participants were first 
questioned regarding their free recall of messages using the following questions: 
 How many VMS have you seen? 
 How many of the signs were displaying and kind of message? 
 What message/s did you see on the sign/s?  
In addition, participants were asked to state if they had seen any of the following messages on 
the sign/s they had passed, and if so how many: 
 YOU are tailgating. Back off now 
 YOU are speeding. Minimum penalty 1 point and $133 
 YOU are speeding. Minimum penalty 3 point and $200 
 YOU are speeding. Minimum penalty 4 point and $333 
 YOU are speeding. Minimum penalty 6 point and $466 
 YOU are speeding. Minimum penalty 8 point and $933/6 month suspension 
These messages represented the actual messages displayed on the vehicle-activated VMS of 
interest to this study, in relation to various tailgating and speeding behaviours. 
Of the 248 participants, two participants failed to respond to either the „free recall‟ or „cued 
recall‟6 items and were excluded from further specific analyses related to the signs.  In 
addition, as stated above six participants were excluded based on their responses regarding 
their deviation from the highway. Thus, a total of 240 participants were considered for 
inclusion in the analyses related to the specific VMS signs and messages. 
Of those 240, 44 participants provided inconsistent free recall and cued recall data in relation 
to either the speed or headway-related messages (24 inconsistent speed-related messages 
data, 11 inconsistent headway-related messages data, and 9 inconsistent data for both types of 
messages). Excluding any participant with inconsistent data resulted in a final sample of 196 
for the specific analyses related to behavioural reactions and attitudes toward the VMS 
messages. Of these 196 participants, 144 (73.5%) reported having seen a speed and/or 
headway-related message on a VMS. More specifically, 81 (41.3%) reported having seen a 
headway-related message, 12 (6.1%) reported having seen a speed-related message, and 51 
(26%) reported having seen both messages.     
Participants were again asked to indicate agreement in relation to a number of statements 
specifically relating to the signs they freely recalled seeing. After retrospectively excluding 
those participants with inconsistent cued recall responses, a total of 144 participants freely 
recalled having seen a message on at least one VMS. Data for these participants is presented 
below in Table 81. 
                                                 
6
 „Free recall‟ refers to the participants‟ unprompted report of the signage observed along the road segment. 
„Cued recall‟ is the their responses to specific prompts and cues about the signage installed on along the road 
segment. 
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Table 81. Specific beliefs about the VMS messages (N = 144). 
 Proportion of respondents (%) 
 
Strongly 
Agree 
Agree Neutral Disagree 
Strongly 
Disagree 
The signs were displayed far enough in advance for 
me to fully read the message 
24.6 61.3 5.6 6.3 2.1 
I was pleased the message was shown 21.1 47.2 25.4 4.2 2.1 
The message distracted my attention from the road 4.2 16.2 19.0 40.8 19.7 
I believe the information displayed was 
correct/accurate 
16.2 40.8 18.3 12.7 12.0 
 
The majority of drivers who freely recalled seeing a speed or headway-related message 
believed the message was displayed with adequate time and distance for the sign to be fully 
read (85.9% agreed or strongly agreed). In addition, 60.5% of drivers did not believe the sign 
distracted attention from the road (20.4% agreed that it was distracting) and more than two-
thirds (68.3%) were pleased to see the message. While the majority of drivers (57%) reported 
that they believed the message displayed was accurate, it is interesting to note that 
approximately a quarter (24.7%) questioned the accuracy of the messages displayed. 
Specific attitudes towards speed-related messages 
Specific attitudes toward speed-related messages were investigated amongst those drivers 
with consistent free and cued recall responses in relation to this type of message. A total of 
196 drivers had consistent responses, with 63 (32.1%) reporting having seen a speed-related 
message. Results are presented in Figures 86 to 91 below. 
As can be seen in Figure 86, only a third of all drivers who reported seeing the speed message 
perceived the message to be directed towards them. In contrast, 41.7% believed the message 
was targeted at another driver, while a quarter perceived the message to be general 
information for all drivers. 
 
Figure 86. Perceptions regarding who the speed message was directed toward. 
Figure 87 highlights that drivers were relatively polarised regarding the perceptions of how 
accurately the message reflected their own behaviour. Specifically, 46.5% of drivers believed 
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the message was a very or somewhat accurate reflection of their behaviour, while 53.4% 
questioned the accuracy of the message. 
 
Figure 87. Perceived accuracy of how the speed message reflected actual speeding behaviour. 
Overall, Figure 88 suggests that the majority of drivers (74.2%) perceived there to be some 
likelihood that the penalties noted in the message would be enforced in relation to their 
speeding behaviour. That said, a substantial minority (25.9%) did not perceive enforcement 
to be a likely outcome associated with the message.  
 
Figure 88. Perceived likelihood that penalties noted in the speed message would be enforced. 
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Encouragingly, Figure 89 shows that the majority of drivers (78.3%) perceived that the 
penalties noted in the message could be enforced in relation to their speeding behaviour. 
Thus, taken together with the findings from Figure 3, it seems that while drivers are aware of 
the potential penalties associated with exceeding the speed limit, a number remained 
unconvinced that there is likely to be subsequent enforcement associated with the speed 
messages displayed on the VMS.  
 
Figure 89. Perceived credibility of penalties detailed in the speed message in relation to 
actual speeding behaviour. 
Figure 90 outlines the self-reported impact of the speed messages on speeding behaviour. 
Almost half of all drivers (47.5%) reported that seeing the speed-related message had no 
impact on their subsequent speeding behaviour. That said, more than a third (35.6%) reported 
reducing their vehicle speeds for the rest of their trip (although this does not ensure that their 
speed was reduced to at or below the posted speed limit). In addition, 16.9% reported 
reducing their speeds for a short while before speeding up once again. Encouragingly, no 
drivers reported increasing the speeds in association with seeing the speed-related message.  
 
Figure 90. Self-reported impact of speed message on speeding behaviour. 
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Finally, Figure 91 highlights that the majority of drivers (96.7%) perceived the speed-related 
messages to be either very or somewhat useful. This finding suggests a high level of driver 
acceptance for the use of VMS to present vehicle-activated speed messages to drivers. 
 
Figure 91. Perceived usefulness of the speed message. 
Specific attitudes towards headway-related messages 
Specific attitudes toward headway-related messages were investigated amongst those drivers 
with consistent free and cued recall responses in relation to this type of message. A total of 
196 drivers had consistent responses, with 132 (67.3%) reporting having seen a headway-
related message. Results are presented in Figures 92 to 95 below. 
As can be seen in Figure 92, just over a quarter of all drivers who reported seeing the 
headway message perceived the message to be directed towards them. In contrast, 47.6% 
believed the message was targeted at another driver, while roughly a quarter perceiving the 
message to be general information for all drivers. 
 
Figure 92. Perceptions regarding who the headway message was directed toward. 
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Figure 93 highlights that, similar to the speeding messages, drivers had mixed perceptions 
regarding how accurately the message reflected their own behaviour. Specifically, while 
44.3% of drivers believed the message was a very or somewhat accurate reflection of their 
behaviour, 55.6% questioned the accuracy of the message. 
 
Figure 93. Perceived accuracy of how the headway message reflected actual following 
distance. 
Figure 94 outlines the self-reported impact of the headway messages on following distance. 
Almost two-thirds of all drivers (62.4%) reported that seeing the headway-related message 
had no impact on their subsequent following distance and 7.7%  reported decreasing their 
following distance. Only 18.8% reported increasing their following distance for the rest of 
their trip (this finding does not mean that their revised following distance was at or beyond 
two seconds), while 11.1% reported increasing their following distance for a short while 
before reducing it once again. The lack of behavioural change may reflect the high degree to 
which drivers perceived the message to be inaccurate (e.g., did not perceive their following 
distance to be dangerous).  
 
Figure 94. Self-reported impact of headway message on following distance. 
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Finally, Figure 95 highlights that the majority of drivers (69.3%) perceived the headway-
related messages to be either very or somewhat useful. While somewhat lower than the 
perceived levels of usefulness associated with the speed-related messages, this finding still 
suggests a high level of driver acceptance for the use of VMS to present vehicle-activated 
headway messages to drivers. 
 
Figure 95. Perceived usefulness of the headway message. 
Perceptions of the extent of use of VMS in south-east Queensland 
All participants (irrespective of whether they saw a VMS and/or message) were asked to 
comment on the extensiveness of use of VMS in south-east Queensland. As can be seen in 
Figure 96, approximately half of all participants believed the current number of operational 
VMS in the region is sufficient, while 41.2% believed there could be more extensive use of 
the technology. Only 5.9% reported that there are too many VMS in use in the region. 
 
Figure 96. Perceptions regarding the extensiveness of VMS operation in south-east 
Queensland. 
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Differences in attitudes toward VMS and behavioural responses by 
familiarity with the section of highway 
All drivers were asked to describe how often they travelled along the particular section of the 
Bruce Highway where the VMS are located. Response options included “daily/almost daily”, 
“weekly/almost weekly”, “monthly/almost monthly” and “yearly/once off trip”. To 
investigate the potential impact of familiarity with the section of road on attitudes toward the 
VMS messages and behavioural responses to the messages, participants were divided into 
two groups based on those who regularly drove along the section of highway (daily or 
weekly) and those who less frequently travelled along the section (monthly/yearly/once off). 
Overall, the transient nature of the driver population along this route was evident with 82.1% 
(n = 202) drivers reporting that they drive the section relatively infrequently, compared with 
just 17.9% (n = 44) who drove along the section at least daily or weekly.  
A series of independent samples t-tests and chi-square analyses revealed no significant 
differences between frequent and infrequent travellers of the section in relation to self-
reported speeding and tailgating behaviour (see Table 82), or in relation to crash and 
speeding infringement history (see Table 83). However, the latter finding did approach 
statistical significance, t (50.82) = 1.77, p = .08, 95% CI = -.06 to .93, with more frequent 
drivers of the section reporting slightly more speeding infringement in the previous three 
years (M = 1.02, SD = 1.49) compared with less frequent drivers of the section of highway 
(M = 0.59, SD = 1.16). There are also non-significant trends showing slightly greater levels of 
self-reported speeding behaviour (of any degree over the speed limit) among more frequent 
drivers of the section (see Table 15). 
Table 82. Self-reported speeding and tailgating behaviour of drivers by frequency of travel 
along particular section of highway where VMS are located. 
 
Daily/weekly  
travel on section  
Monthly/yearly/once off  
travel on section  
How often do you: Mean SD Mean SD 
Exceed the speed limit by less than 13km/h 3.55 1.68 3.18 1.81 
Exceed the speed limit by 13km/h or more 2.02 1.30 1.69 1.21 
Drive less than two car lengths behind a vehicle in 
front during free-flowing traffic 
2.25 1.37 2.30 1.64 
Drive less than two seconds lengths behind a 
vehicle in front during free-flowing traffic 
2.39 1.43 2.21 1.55 
Note: Higher scores represent more frequent behaviour. 
Table 83. Self-reported crash and speeding infringement history of drivers by frequency of 
travel along particular section of highway where VMS are located. 
 
Daily/weekly  
travel on section  
Monthly/yearly/once off  
travel on section  
In the past three years have you: Yes No Yes No 
Been involved in a crash as a driver 13.6% 86.4% 16.0% 84.0% 
Been involved in an at-fault rear-end crash as a 
driver 
2.3% 97.7% 2.5% 97.5% 
Been fined for speeding 43.9% 56.1% 33.9% 66.1% 
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Interestingly, a number of significant differences were found in relation to beliefs regarding 
the additional benefits of multiple VMS, compared with a single VMS (see Table 84). 
Specifically, there was a significant difference between frequent and infrequent drivers of the 
highway section in relation to the proportion of drivers who believed that having multiple 
VMS would make it easier to keep track of speed and distance, χ2 (2, n = 246) = 10.70, p = 
.005, ф = .21. Assessing the data suggests that while fewer frequent drivers of the section 
disagree with this statement, there does not appear to be significantly more who agree with 
the statement, and rather more hold neutral beliefs.  
In addition, there was a marginally significant effect in relation to beliefs regarding multiple 
VMS being more effective than a single VMS in reducing the prevalence of tailgating, χ2 (2, 
n = 245) = 6.03, p = .049, ф = .16. As can be seen in Table 17, this finding suggests that more 
frequent drivers of the section tend to agree or at least hold more neutral beliefs regarding the 
benefits of multiple VMS in reducing tailgating. No significant differences between frequent 
and infrequent drivers of the section were found in relation to beliefs that multiple VMS 
prevent speeding, make driver behaviour worse, or are more distracting or annoying. 
Table 84. Differences in beliefs regarding the additional benefits of multiple VMS compared 
with single VMS by frequency of travel along particular section of highway where VMS are 
located. 
Having a few VMS in a row, 
rather than just one, would: 
Daily/weekly  
travel on section  
Monthly/yearly/once off  
travel on section  
Agreement Neutral Disagreement Agreement Neutral Disagreement 
Make it easier to keep track of 
speed and distance 
22.7% 31.8% 45.5% 20.3% 12.9% 66.8% 
Prevent speeding 25.0% 31.8% 43.2% 27.7% 21.3% 51.0% 
Help stop tailgating  29.5% 34.1% 36.4% 19.4% 23.9% 56.7% 
Make driving behaviour worse 68.2% 25.0% 6.8% 60.4% 26.2% 13.4% 
Be more annoying  38.6% 34.1% 27.3% 41.6% 30.7% 27.7% 
Be more distracting 40.9% 27.3% 31.8% 42.8% 26.9% 30.3% 
 
Comparing those drivers who reported frequently driving the highway section (daily or 
weekly) with those who reported infrequently driving the section (monthly, yearly or a once 
off trip), no significant difference was observed regarding perceptions of who the speed-
related message was directed at, χ2 (2, n = 122) = 0.03, p = .97, ф = .02 (see Figure 97). 
Similar results were also reported in relation to the headway-related messages, with no 
significant differences found regarding perceptions of who the sign was directed at, χ2 (2, n = 
171) = 0.04, p = .98, ф = .02 (see Figure 98). 
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Figure 97. Differences in perceptions regarding who the speed message was directed toward by 
frequency of travel along particular section of highway where VMS are located. 
 
Figure 98. Differences in perceptions regarding who the headway message was directed toward by 
frequency of travel along particular section of highway where VMS are located. 
 
There were also no significant differences observed in relation to the self-reported impact of 
the VMS messages on subsequent behaviour. Indeed, while results appeared to show that the 
speed-related messages had less impact on the speeding behaviour of frequent drivers of the 
section, this finding did not reach statistical significance, χ2 (2, n = 114) = 3.82, p = .15, ф = 
.18 (see Figure 99). Conversely, a significant difference between in the impact of headway-
related messages was observed in relation to the reported frequency of driving the highway 
section, χ2 (3, n = 161) = 10.75, p = .01, ф = .26. Indeed, as can be seen in Figure 100, less 
frequent drivers of the section reported that they more often increased their following 
distance for the remainder of the trip, while disturbingly, more frequent drivers of the section 
reported decreasing their following distance.  
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Figure 99. Differences in self-reported impact of speed message on speeding behaviour by frequency 
of travel along particular section of highway where VMS are located. 
 
Figure 100. Differences in self-reported impact of headway message on following distance by 
frequency of travel along particular section of highway where VMS are located. 
 
Differences in perceptions and attitudes toward the speed and headway messages among 
frequent and infrequent drivers of the section were also examined. Absolutely no differences 
were found in relation to perceptions of how accurately the speed-related messages reflected 
actual behaviour, χ2 (1, n = 113) = 0.00, p = 1.00, ф = -.01 (see Figure 101). Similarly, no 
significant differences were found in relation to the headway messages, χ2 (1, n = 168) = 
0.46, p = .50, ф = -.07 (see Figure 102).  
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Figure 101. Differences in perceived accuracy of how the speed message reflected actual speeding 
behaviour by frequency of travel along particular section of highway where VMS are located. 
 
Figure 102. Differences in perceived accuracy of how the headway message reflected actual following 
distance by frequency of travel along particular section of highway where VMS are located. 
 
While no significant differences were found in relation to the perceived usefulness of the 
speed-related messages, χ2 (1, n = 114) = 0.49, p = .49, ф = -.09 (see Figure 103), a 
significant difference was observed in relation to the perceived usefulness of headway-related 
messages, χ2 (1, n = 173) = 8.41, p = .004, ф = -.24. Indeed, as can be seen in Figure 104, less 
frequent drivers of the highway section were more likely to perceive such messages as being 
useful. 
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Figure 103. Differences in perceived usefulness of speed messages by frequency of travel along 
particular section of highway where VMS are located. 
 
Figure 104. Differences in perceived usefulness of headway messages by frequency of travel along 
particular section of highway where VMS are located. 
 
As stated previously, a number of additional perceptions were also examined in relation to 
penalty information provided to drivers in relation to the speed messages. As can be seen in 
Figures 105 and 106, no significant differences were found between drivers based on the 
frequency in which they travelled the section of highway in relation to how likely they 
perceived the penalties displayed to be actually enforced, χ2 (1, n = 119) = 0.00, p = 1.00, ф = 
-.02, or whether they perceived the penalty information presented as being credible, χ2 (1, n = 
115) = 0.02, p = .90, ф = -.04. 
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Figure 105. Differences in perceived likelihood of the enforcement of penalties for speeding displayed 
on VMS by frequency of travel along particular section of highway where VMS are located. 
 
Figure 106. Differences in perceived credibility of the penalty information associated with speeding 
displayed on VMS by frequency of travel along particular section of highway where VMS are located. 
 
Finally, differences in perceptions of the extent of the use of VMS in the south-east 
Queensland region were also examined. As can be seen in Figure 107, there were no 
significant differences found between frequent and infrequent users of the highway section, 
χ2 (2, n = 171) = 0.04, p = .98, ф = .02. 
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Figure 107. Differences in perceptions regarding the extensiveness of VMS operation in south-east 
Queensland by frequency of travel along particular section of highway where VMS are located. 
Qualitative responses 
In addition to the quantitative responses provided, participants were also invited to provide 
additional comments to open-ended questions specifically related to attitudes toward and self-
reported behavioural impacts of the speed and headway-related messages, as well as overall 
comments about any aspect of VMS use. Content analysis of the qualitative responses 
revealed a number of interesting issues.  
Many participants reported that there were difficulties associated with distinguishing who the 
message was targeted at, particularly in built up traffic conditions. Moreover, there appeared 
to be a tendency for drivers in such built-up situations to assume that the message was 
directed at another driver travelling ahead of them, rather than at themselves: 
“It is impossible to tell which car it is referring to in a line of traffic” (Male, 
52, irregular traveller on section). 
A number of participants perceived the signs to present inaccurate information. Indeed, it was 
suggested headway messages appeared when there were reportedly no other vehicles on the 
stretch of road or when vehicles were towing caravans or trailers, and that the speed messages 
showed up despite vehicle speedometers and/or GPS systems reportedly suggesting the 
vehicle was being driven at the speed limit. A number of drivers suggested that such 
perceived inaccuracies reduced the perceived credibility of the message content and concerns 
were expressed regarding basing penalties or information perceived to be inaccurate. 
However, as will be discussed in Section 4.6, it is difficult to verify such reports in the 
absence of more objective data: 
“On my last trip (along the section of highway) I observed a vehicle with a 
trailer register as tailgating” (Male, 69, irregular traveller on section). 
“If someone was to sit at one of these signs and take notes they would see how 
inaccurate they are” (Male, 57, regular traveller on section). 
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 “The worry is that these penalties might be enforced using these very 
inaccurate signs” (Male, 57, regular traveller on section). 
In relation to the speed messages, the influence of perceived enforcement tolerances were 
evident regarding perceptions of the likelihood that penalties associated with one‟s behaviour 
could be enforced: 
“I was about 5km/h over – within the speed tolerance” (Male, 48, irregular 
traveller on section). 
Moreover, many noted that while the speed and tailgating behaviours that triggered the VMS 
message can be subject to penalties, enforcement associated with those specific instances of 
the behaviour would not be enforced due to the lack of a speed camera or police presence: 
“How can there be (police enforcement of behaviour) if no camera or police 
are present?” (Male, 52, irregular traveller on section). 
In addition, a number of drivers reported that the signs result in over-compensatory behaviour 
of some drivers which can in fact decrease safety in the immediate vicinity of the sign or 
have negative impacts on the flow of traffic: 
“I have seen car in front brake unnecessarily. An accident will happen” 
(Female, 50, regular traveller on section). 
“When the sign shows someone speeding in a line of traffic doing 70km/h, 
everyone slows down more. The limit is 90km/h” (Male, 57, regular traveller 
on section). 
While the signs were generally reported as having positive impacts on most drivers, the 
ability for the messages to impact the behaviour of drivers who regularly speed and/or 
tailgate was questioned. That is, participants generally argued that the signs would positively 
impact upon their own behaviour, however were unsure what impact the signs would have on 
the behaviour of other drivers, particularly those more inclined to engage in dangerous and 
illegal driving behaviours: 
“I don’t know how much they’d affect people who drive dangerously but I think 
they would make lots of people think more and pay more attention” (Male, 29, 
irregular traveller on section).  
Overall, it appears that while many drivers appreciated the potential road safety benefits 
associated with vehicle-activated VMS that display speed and headway-related messages, the 
perceived inaccuracy of the messages in relation to reported behaviour has substantial 
impacts on the perceived credibility of the signs.  A possible implication of such claims is 
that, over time, drivers will ignore the signs, reducing the potential for them to positively 
impact upon behaviour: 
“I have observed the signs on a couple of trips and it has lit up even when 
vehicles are large distances separated. (The VMS are) a good idea but zero 
credibility because I do not believe they are accurate and you do not know 
which vehicle it is referring to” (Male, 52, irregular traveller on section). 
 148 
 
“I think they (VMS) are most beneficial ... (but) I don’t think they measure 
speed and distance accurately” (Female, 38, irregular traveller on section).  
“How can anyone believe a sign that is so inaccurate? People will just ignore 
them in the end” (Male, 57, regular traveller on section). 
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DISCUSSION 
General attitudes about VMS 
Overall, participants supported the use of VMS to present a range of messages to drivers, 
including advisory speed and headway-related information with notification of potential 
penalties for such behaviours, real-time congestion information, and a range of general road 
safety messages (e.g., drink and drug driving, seat belt wearing, fatigue, inattention). 
Somewhat inconsistent with previous research, drivers did not appear to strongly support the 
notion that the use of VMS should be restricted to urgent, real-time messages. Few drivers 
believed that VMS signs are distracting, instead reporting that the signs increased awareness 
of the need to drive safely. 
An interesting finding suggested that fewer participants perceived messages indicating the 
penalties associated with exceeding the speed limit to be useful compared with messages 
advising drivers to slow down if they are exceeding the speed limit. Such a finding suggests 
that a reminder to pay attention to one‟s speed or the presentation of information to suggest 
that one‟s behaviour is being monitored may be more influential than the threat of 
punishment, particularly when many drivers understand that such penalties cannot be 
enforced without the inclusion of a speed camera or police presence at the VMS location. 
Impact of single versus multiple VMS 
Overall, there appeared to be little evidence to suggest that using multiple VMS, as opposed 
to a single VMS, would produce significantly greater impacts on driver behaviour. Moreover, 
it was noted that too many VMS may be more distracting and annoying to drivers, which 
could have negative implications for road safety.  
Analyses also investigated whether there were any differences between drivers who reported 
seeing a single speed or headway-related message and those who saw multiple speed and/or 
headway-related messages. A number of interesting findings emerged. Firstly, drivers who 
reported seeing multiple VMS messages were significantly more likely to perceive the 
messages as accurately reflecting their behaviour compared with those drivers who only saw 
a single message, however this finding was only true in relation to headway-related 
messages. Similarly, drivers who reported seeing multiple messages perceived the messages 
to be more useful compared with drivers who only saw a single message, however this 
finding was again restricted to headway-related messages only.  
For either message type, there were no significant differences between those drivers who saw 
single messages and those who saw multiple messages in regards to in perceptions of whether 
the message was directed at oneself or others, or whether the speed penalty information 
provided was credible and likely to be enforced.  
Specific attitudes towards speed and headway-related messages 
Specific attitudes toward speed and headway-related messages were investigated amongst 
those drivers with consistent free and cued recall responses. For both types of messages, 
almost half of all drivers reported a belief that the messages were directed towards other 
drivers, with only a quarter believing the message was targeted at them. Without objective 
data to corroborate the self-reports it is difficult to determine whether drivers are failing to 
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recognise or admit to their own poor driving behaviour or whether the signs are triggered at 
distances which leave drivers confused regarding who the message is targeted toward. 
Perhaps as a function of the typically low levels in which drivers believed the VMS messages 
were targeted at them, very few impacts on behaviour associated with  seeing either the speed 
or headway messages were reported. Indeed, almost half of all drivers reported that seeing the 
speed-related message had no impact on their subsequent speeding behaviour while almost 
two-thirds reported the same lack of response in relation to the headway messages. That said, 
a substantial proportion of drivers reported positive behavioural modifications associated 
with seeing the messages.  
Overall, drivers were relatively polarised regarding their perceptions of how accurately the 
message displayed on the VMS reflected their own behaviour. Indeed, in regards to both 
speed and headway-related messages, approximately half of all drivers surveyed believed the 
message was a very or somewhat accurate reflection of their behaviour, while half of all 
participants questioned the accuracy of the message. Nonetheless, almost all drivers reported 
that the speed-related message was useful, while over two-thirds had similarly positive 
attitudes towards the usefulness of headway-related messages. 
Encouragingly, almost three-quarters of drivers perceived there to be some likelihood that the 
penalties noted in the speed-related messages would be enforced in relation to their speeding 
behaviour. This is likely due to the equally high perceptions that the information provided 
was credible and that the penalties noted in the message could be enforced in relation to their 
speeding behaviour.  
Impact of familiarity on attitudes and behaviour 
The impact of familiarity with the section of highway where the VMS were located on 
attitudes towards VMS and behavioural responses to the messages was also examined (see 
Section 2.10). Specifically, drivers who reported regularly travelling along the section (daily 
or weekly) were compared with those who less frequently travelled along the section 
(monthly/yearly/once off).  
Interestingly, regular drivers of the section were less likely to disagree that having multiple 
VMS (as opposed to a single VMS) would make it easier to keep track of speed and distance. 
However, there did not appear to be significantly more regular drivers who agreed with this 
statement, and rather more typically held neutral beliefs. Less frequent drivers of the highway 
section were more likely than regular drivers of the section to perceive messages as being 
useful, however this finding was limited to headway-related messages only. 
In regards to behavioural modifications, less frequent drivers of the section were significantly 
more likely to report increasing their following distance for the remainder of the trip after 
seeing headway messages. Disturbingly, regular drivers of the section were more likely to 
report decreasing their following distance. A number of explanations are possible in relation 
to this finding. Firstly, more frequent drivers of the section who are more familiar with the 
road environment may have reduced risk perceptions associated with their following 
distances. Alternatively, the sample suggested that many people who drive the section of road 
are older and less familiar with the section. These drivers may subsequently choose slower 
vehicle speeds which may frustrate more regular drivers of the section and result in tailgating. 
No differences were found in association with speed-related messages based on familiarity 
with the highway section. 
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Moreover, there were no significant differences between regular and irregular travellers of 
the section in regards to who drivers perceived either message type to be directed at, 
perceptions of how accurately the messages reflected actual speeding or headway behaviour, 
or the credibility and likelihood of enforceability associated with the penalties described in 
the speed-related messages. 
Perceptions of the extent of use of VMS in south-east Queensland 
All participants (irrespective of whether they saw a VMS and/or message) were asked to 
comment on the extensiveness of use of VMS in south-east Queensland. Almost half of all 
participants believed the current number of operational VMS in the region is sufficient, while 
over 40% believed there could be more extensive use of the technology. There were no 
significant differences in relation to the perceived appropriateness of the extent of VMS 
operation in the south-east Queensland region based on familiarity with the section of 
highway or whether a single message or multiple messages were seen. 
Limitations 
As was discussed in Section 2.1 there were a number of demographic differences between the 
current sample and the licensed driver population of Queensland (as at 2010 – data provided 
by the TMR). Specifically, there was an overrepresentation of males and older drivers in the 
sample. Given that older drivers typically report less frequent engagement in illegal and high-
risk driving behaviours and also report more positive road safety attitudes, there are a number 
of difficulties associated with generalising the current research to all Queensland licensed 
drivers. This tendency is evidenced by the relatively low levels of self-reported speeding and 
tailgating behaviour among the sample, as well as typically positive attitudes toward road 
safety.  
 That said, it could be argued that the current sample is a relatively accurate reflection of the 
population in the region in which the VMS are located and where the data was collected. As 
such, the current findings likely represent an accurate description of the population that most 
commonly drives the stretch of highway under investigation.  
In addition, less than one-fifth of all drivers in the current sample reported regularly 
travelling along the section of highway where the VMS are located. While this may be 
indicative of the transient nature of the driver population along this route it is also possible 
that the recruitment strategy employed (i.e., recruiting drivers at a well-known service 
station/truck/bus stop) failed to capture regular drivers (e.g., regular drivers may be less likely 
to stop at the site) or that regular drivers were less likely to agree to participate (e.g., may be 
more likely to only be stopping for a short break at the site, compared with irregular drivers 
who may be travelling farther distances). These issues again raise considerations regarding 
the generalisability of the findings. 
Another limitation of the current study relates to the inherent limitations associated with self-
report research. That is, it is difficult, in the absence of more objective, observational data, to 
validate claims of VMS inaccuracies relevant to actual driver behaviours. Indeed, self-reports 
that VMS produced messages even when drivers reported they were not speeding or 
tailgating cannot be verified. It may be that many drivers travelling at speeds above the 
posted speed limit, but within the perceived enforcement tolerance (e.g., 10km/h or 10%) 
may argue that they were not (in their definition of the behaviour) speeding. Similarly, there 
is likely to be substantial variability in the conceptualisation of what constitutes tailgating, 
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such that a behaviour that is representative of following too closely to the vehicle in front 
may not be perceived by the driver to be risky. 
PART II: SUMMARY 
Overall, it appears that many drivers appreciate the potential road safety benefits associated 
with vehicle-activated VMS that display speed and headway-related messages. Consistent 
with previous research the perceived accuracy and credibility of information presented on the 
signs is crucial to driver acceptance and the overall effectiveness of the messages. 
There appears to be few additional benefits associated with implementing multiple VMS as 
opposed to a single VMS. There appears to be some evidence that the VMS is more effective 
in impacting upon self-reported tailgating behaviour, as opposed to speeding behaviour, 
however this finding is largely limited to drivers who travel the section of road less 
frequently. 
Despite the limited data to suggest substantial behavioural changes associated with the signs, 
drivers typically reported positive attitudes toward the technology and many supported more 
extensive use of vehicle-activated VMS in the south-east Queensland region. 
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APPENDIX A 
 
Table A1. Week 1 speed distribution data across the study site 
Location Not speeding Speed cat 1 
(92-102km/h) 
Speed cat 2 (103-
110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 (121-
130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 41846 (76.5%) 12512 (22.9%) 296 (0.5%) 40 (0.1%) 3 (0.0%) 4 (0.0%) 
At Black Mountain 36324 (66.5%) 17469 (32.0%) 717 (1.3%) 124 (0.2%) 18 (0.0%) 5 (0.0%) 
After Black Mountain 15217 (79.5%) 3707 (19.4%) 169 (0.9%) 38 (0.2%) 5 (0.0%) 2 (0.0%) 
Before Tuchekoi 36463 (77.3%) 9878 (21.0%) 653 (1.4%) 136 (0.3%) 13 (0.0%) 4 (0.0%) 
At Tuchekoi 48663 (93.6%) 3130 (6.0%) 155 (0.3%)) 23 (0.0%) 6 (0.0%) 2 (0.0%) 
After Tuchekoi 45477 (87.3%) 6344 (12.2%) 224 (0.4%) 36 (0.1%) 6 (0.0%) 4 (0.0%) 
Before Traverston 40091 (76.8%) 11342 (21.7%) 664 (1.3%) 121 (0.2%) 14 (0.0%) 2 (0.0%) 
At Traverston 42582 (81.5%) 9173 (17.6%) 389 (0.7%) 69 (0.1%) 8 (0.0%) 2 (0.0%) 
After Traverston 46208 (89.7%) 5125 (9.9%) 161 (0.3%) 18 (0.0%) 2 (0.0%) 1 (0.0%) 
Southbound Travel 
Before Kybong 47033 (92.7%) 3565 (7.0%) 97 (0.2%) 13 (0.0%) 2 (0.0%) 0 (0.0%) 
At Kybong 36988 (76.7%) 10975 (22.7%) 243 (0.5%) 39 (0.1%) 3 (0.0%) 0 (0.0%) 
After Kybong 92992 (91.6%) 8224 (8.1%) 248 (0.2%) 32 (0.0%) 4 (0.0%) 0 (0.0%) 
Before Coles Creek 35950 (80.5%) 8228 (18.4%) 382 (0.9%) 91 (0.2%) 22 (0.0%) 8 (0.0%) 
At Coles Creek 36931 (60.8%) 21042 (34.7%) 2055 (3.4%) 526 (0.9%) 199 (0.2%) 35 (0.1%) 
After Coles Creek 42827 (87.2%) 6025 (12.3%) 233 (0.5%) 38 (0.1%) 8 (0.0%) 5 (0.0%) 
Before Federal 49740 (95.6%) 2067 (4.0%) 161 (0.3%) 34 (0.1%) 1 (0.0%) 6 (0.0%) 
At Federal 45345 (86.0%) 7077 (13.4%) 284 (0.5%) 41 (0.1%) 4 (0.0%) 0 (0.0%) 
After Federal 38684 (84.4%) 6951 (15.2%) 146 (0.3%) 25 (0.1%) 4 (0.0%) 3 (0.0%) 
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Table A2. Week 2 speed distribution data 
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 (103-
110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 (121-
130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 45752 (78.2%) 12492 (21.3%) 230 (0.4%) 38 (0.1%) 11 (0.0%) 6 (0.0%) 
At Black Mountain 39443 (67.4%) 18264 (31.2%) 656 (1.1%) 104 (0.2%) 17 (0.0%) 6 (0.0%) 
After Black Mountain 51145 (87.8%) 6784 (11.6%) 277 (0.5%) 42 (0.1%) 6 (0.0%) 5 (0.0%) 
Before Tuchekoi 42399 (77.1%) 11869 (21.3%) 761 (1.4%) 132 (0.2%) 21 (0.0%) 5 (0.0%) 
At Tuchekoi 51791 (93.8%) 3266 (5.9%) 145 (0.3%) 28 (0.1%) 2 (0.0%) 3 (0.0%) 
After Tuchekoi 47547 (85.3%) 7758 (13.9%) 333 (0.6%) 64 (0.1%) 18 (0.0%) 6 (0.0%) 
Before Traverston 39427 (76.6%) 11236 (21.8%) 664 (1.3%) 112 (0.2%) 15 (0.0%) 5 (0.0%) 
At Traverston 41632 (80.9%) 9316 (18.1%) 410 (0.8%) 63 (0.1%) 13 (0.0%) 6 (0.0%) 
After Traverston 48271 (90.0%) 5171 (9.6%) 171 (0.3%) 18 (0.0%) 1 (0.0%) 2 (0.0%) 
Southbound Travel 
Before Kybong 48691 (93.4%) 3347 (6.4%) 94 (0.2%) 18 (0.0%) 4 (0.0%) 1 (0.0%) 
At Kybong 40703 (76.3%) 12328 (23.1%) 309 (0.6%) 29 (0.1%) 4 (0.0%) 3 (0.0%) 
After Kybong 94634 (90.6%) 9430 (9.0%) 280 (0.3%) 44 (0.0%) 10 (0.0%) 0 (0.0%) 
Before Coles Creek 40859 (79.3%) 9964 (19.3%) 512 (1.0%) 132 (0.3%) 26 (0.1%) 10 (0.0%) 
At Coles Creek 36853 (59.9%) 21713 (35.3%) 2219 (3.6%) 589 (1.0%) 90 (0.1%) 45 (0.1%) 
After Coles Creek 45831 (88.2%) 5796 (11.2%) 251 (0.5%) 52 (0.1%) 16 (0.0%) 2 (0.0%) 
Before Federal 51995 (95.1%) 2409 (4.4%) 190 (0.3%) 50 (0.1%) 9 (0.0%) 3 (0.0%) 
At Federal 47416 (84.7%) 8180 (14.6%) 316 (0.6%) 41 (0.1%) 9 (0.0%) 2 (0.0%) 
After Federal 40518 (84.4%) 7299 (15.2%) 188 (0.4%) 32 (0.0%) 2 (0.0%) 3 (0.0%) 
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Table A3. Week 3 speed distribution data 
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 (103-
110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 (121-
130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 37749 (77.4%) 10721 (22.0%) 268 (0.5%) 41 (0.1%) 7 (0.0%) 1 (0.0%) 
At Black Mountain 37179 (68.6%) 16202 (29.9%) 676 (1.2%) 90 (0.2%) 19 (0.0%) 3 (0.0%) 
After Black Mountain 24652 (77.1%) 6954 (21.8%) 289 (0.9%) 49 (0.2%) 9 (0.0%) 2 (0.0%) 
Before Tuchekoi 38597 (75.9%) 11384 (22.4%) 729 (1.4%) 134 (0.3%) 27 (0.1%) 5 (0.0%) 
At Tuchekoi 47589 (93.1%) 3376 (6.6%) 132 (0.3%) 25 (0.0%) 7 (0.0%) 5 (0.0%) 
After Tuchekoi 45242 (86.9%) 6421 (12.3%) 278 (0.5%) 51 (0.1%) 26 (0.0%) 10 (0.0%) 
Before Traverston 39101 (75.6%) 11846 (22.9%) 647 (1.3%) 133 (0.3%) 9 (0.0%) 6 (0.0%) 
At Traverston 43121 (79.3%) 10740 (19.7%) 482 (0.9%) 57 (0.1%) 7 (0.0%) 2 (0.0%) 
After Traverston 46224 (90.5%) 4691 (9.2%) 161 (0.3%) 11 (0.0%) 0 (0.0%) 0 (0.0%) 
Southbound Travel 
Before Kybong 46120 (92.9%) 3432 (6.9%) 91 (0.2%) 12 (0.0%) 3 (0.0%) 1 (0.0%) 
At Kybong 38703 (75.9%) 11928 (23.4%) 308 (0.6%) 37 (0.1%) 3 (0.0%) 2 (0.0%) 
After Kybong 91136 (91.4%) 8254 (8.3%) 302 (0.3%) 26 (0.0%) 8 (0.0%) 0 (0.0%) 
Before Coles Creek 37189 (78.2%) 9801 (20.6%) 446 (0.9%) 111 (0.2%) 17 (0.0%) 9 (0.0%) 
At Coles Creek 36350 (60.3%) 21150 (35.1%) 2106 (3.5%) 516 (0.9%) 95 (0.2%) 44 (0.1%) 
After Coles Creek 22521 (67.7%) 7605 (22.9%) 1778 (5.3%) 1012 (3.0%) 237 (0.7%) 99 (0.3%) 
Before Federal 48481 (95.1%) 2281 (4.5%) 196 (0.4%) 30 (0.1%) 5 (0.0%) 5 (0.0%) 
At Federal 43489 (83.7%) 8068 (15.5%) 341 (0.7%) 51 (0.1%) 7 (0.0%) 1 (0.0%) 
After Federal 45952 (89.4%) 5292 (10.3%) 137 (0.3%) 19 (0.0%) 4 (0.0%) 0 (0.0%) 
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Table A4. Week 4speed distribution data 
Location Not speeding 
(<92km/h) 
Speed cat 1 
(92-102km/h) 
Speed cat 2 (103-
110km/h) 
Speed cat 3 
(111-120km/h) 
Speed cat 4 (121-
130km/h) 
Speed cat 5 
(>130km/h) 
Northbound Travel 
Before Black Mountain 41285 (77.1%) 11888 (22.2%) 291 (0.5%) 49 (0.1%) 9 (0.0%) 2 (0.0%) 
At Black Mountain 35247 (65.9%) 17434 (32.6%) 677 (1.3%) 104 (0.2%) 17 (0.0%) 8 (0.0%) 
After Black Mountain 42328 (83.0%) 8237 (16.2%) 322 (0.6%) 75 (0.1%) 17 (0.0%) 2 (0.0%) 
Before Tuchekoi 38185  (76.0%) 11146 (22.2%) 735 (1.5%) 127 (0.3%) 26 (0.1%) 9 (0.0%) 
At Tuchekoi 47052 (93.1%) 3268 (6.5%) 166 (0.3%) 30 (0.1%) 5 (0.0%) 3 (0.0%) 
After Tuchekoi 44800 (87.5%) 6121 (12.0%) 226 (0.4%) 41 (0.1%) 8 (0.0%) 3 (0.0%) 
Before Traverston 38226 (75.6%) 11554 (22.9%) 662 (1.3%) 104 (0.2%) 14 (0.0%) 4 (0.0%) 
At Traverston 40624 (80.4%) 9408 (18.6%) 424 (0.8%) 59 (0.1%) 12 (0.0%) 3 (0.0%) 
After Traverston 31155 (90.2%) 3175 (9.2%) 197 (0.6%) 28 (0.1%) 3 (0.0%) 3 (0.0%) 
Southbound Travel 
Before Kybong 46260 (29.7%) 3450 (7.1%) 103 (0.2%) 15 (0.0%) 2 (0.0%) 0 (0.0%) 
At Kybong 35873 (75.9%) 11019 (23.3%) 309 (0.7%) 38 (0.1%) 3 (0.0%) 1 (0.0%) 
After Kybong 74486 (90.6%) 7430 (9.0%) 276 (0.3%) 50 (0.1%) 4 (0.0%) 0 (0.0%) 
Before Coles Creek 36097 (76.7%) 10214 (21.7%) 542 (1.2%) 146 (0.3%) 23 (0.0%) 10 (0.0%) 
At Coles Creek 35707 (60.6%) 20530 (34.9%) 2043 (3.5%) 487 (0.8%) 71 (0.1%) 47 (0.1%) 
After Coles Creek 34701(78.5%) 9000 (20.4%) 412 (0.9%) 74 (0.2%) 15 (0.0%) 1 (0.0%) 
Before Federal 47540 (94.0%) 2779 (5.5%) 193 (0.4%) 35 (0.1%) 3 (0.0%) 3 (0.0%) 
At Federal 42685 (83.3%) 8162 (15.9%) 360 (0.7%) 50 (0.1%) 12 (0.0%) 4 (0.0%) 
After Federal 45520 (89.0%) 5451 (10.7%) 138 (0.3%) 22 (0.0%) 0 (0.0%) 1 (0.0%) 
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APPENDIX B 
 
Table B1. Week 1 headway distribution data across the study site 
 
Location 0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 2376 (4.44%) 5086 (9.50%) 14768 (27.59%) 10529 (19.67%) 20763 (38.79%) 
At Black Mountain 2879 (5.39%) 5244 (9.82%) 14311 (26.81%) 10522 (19.71%) 20431 (38.27%) 
After Black Mountain 1392 (3.59%) 3397 (8.76%) 10715 (27.62%) 8413 (21.68%) 14885 (38.36%) 
Before Tuchekoi 3405 (6.82%) 5630 (11.27%) 11796 (23.62%) 9483 (18.99%) 196385 (39.31%) 
At Tuchekoi 2404 (4.81%) 5007 (10.02%) 13128 (26.27%) 9810 (19.27%) 19631 (39.28%) 
After Tuchekoi 348 (1.28%) 1901 (7.022%) 7685 (28.36%) 6252 (23.07%) 10.913 (40.27%) 
Before Traverston 2660 (5.22%) 5165 (10.14%) 12372 (24.29%) 10293 (20.21%) 20450 (40.15%) 
At Traverston 2329 (4.75%) 4700 (9.58%) 12308 (25.09%) 9932 (50.16%) 19799 (40.38%) 
After Traverston 392 (1.25%) 1565 (4.97%) 6182 (19.63%) 6999 (42.80%) 16352 (51.93%) 
Southbound Travel 
Before Kybong 2259 (4.47%) 4394 (8.69%) 12261 (24.27%) 10301 (20.39%) 21308 (42.18%) 
At Kybong 2148 (4.53%) 4181 (8.81%) 10793 (22.74%) 9695 (20.42%) 20655 (43.51%) 
After Kybong 551 (1.29%) 3161 (7.37%) 11850 (27.63%) 9879 (23.04%) 17446 (40.67%) 
Before Coles Creek 2500 (5.22%) 4457 (9.30%) 11883 (24.79%) 9565 (19.96%) 19518 (40.73%) 
At Coles Creek 1084 (3.60%) 1630 (5.41%) 4477 (14.87%) 6067 (20.15%) 16859 (55.98%) 
After Coles Creek 573 (1.42%) 3054 (7.56%) 11726 (29.04%) 8485 (21.01%) 16542 (40.97%) 
Before Federal 3561 (7.32%) 5601 (11.52%) 10609 (21.82%) 8383 (17.14%) 20467 (42.09%) 
At Federal 2865 (5.62%) 4747 (9.32%) 11402 (22.38%) 9882 (19.39%) 22063 (43.29%) 
After Federal 726 (1.73%) 2873 (6.83%) 12087 (28.73%) 11337 (26.95%) 15047 (35.77%) 
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Table B2. Week 2 headway distribution data 
 
Location 0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 2908 (5.25%) 5722 (10.69%) 14981 (27.99%) 10496 (19.61%) 21271 (39.74%) 
At Black Mountain 3513 (6.34%) 5908 (10.67%) 14499 (26.19%) 10425 (18.83%) 21022 (37.97%) 
After Black Mountain 2318 (4.22%) 5463 (9.95%) 14708 (26.80%) 11398 (20.77%) 20990 (38.25%) 
Before Tuchekoi 895 (6.71%) 1355 (10.16%) 3047 (22.84%) 2517 (18.87%) 5526 (41.42%) 
At Tuchekoi 2476 (4.88%) 5189 (10.23%) 13530 (26.66%) 9816 (19.34%) 19735 (38.89%) 
After Tuchekoi Missing data Missing data Missing data Missing data Missing data 
Before Traverston 2804 (5.39%) 5448 (10.46%) 12499 (24.01%) 10322 (19.83%) 20989 (40.32%) 
At Traverston 1762 (4.81%) 3450 (9.43%) 8813 (24.08%) 7194 (19.65%) 15383 (42.03%) 
After Traverston 402 (1.11%) 1738 (4.79%) 6797 (18.75%) 8013 (22.10%) 19307 (53.25%) 
Southbound Travel 
Before Kybong 2401 (4.62%) 4749 (9.13%) 12617 (24.26%) 10541 (20.26%) 21710 (41.74%) 
At Kybong 2545 (4.92%) 4829 (9.34%) 11609 (22.46%) 10534 (20.38%) 22166 (42.89%) 
After Kybong 759 (1.53%) 3930 (7.92%) 13782 (27.78%) 10800 (21.77%) 20344 (41.00%) 
Before Coles Creek 2872 (5.92%) 4871 (10.04%) 11947 (24.62%) 9039 (18.61%) 19837 (40.87%) 
At Coles Creek 1216 (3.94%) 1714 (5.55%) 4356 (14.10%) 6140 (19.87%) 17474 (56.55%) 
After Coles Creek 843 (1.81%) 3837 (8.24%) 13421 (28.82%) 9033 (19.40%) 19437 (41.74%) 
Before Federal 4256 (8.00%) 6553 (12.32%) 11671 (21.94%) 8536 (16.05%) 22178 (41.69%) 
At Federal 3161 (5.99%) 5315 (10.08%) 12063 (22.88%) 9696 (18.39%) 22499 (42.67%) 
After Federal 1127 (3.97%) 1559 (5.49%) 6997 (24.63%) 6891 (58.21%) 11838 (41.67%) 
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Table B3. Week 3 headway distribution data 
 
Location 0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 2873 (5.37%) 6047 (11.30%) 16269 (30.40%) 11487 (21.46%) 23986 (44.82%) 
At Black Mountain 3154 (5.95%) 5409 (10.21%) 13823 (26.09%) 10065 (19.00%) 20527 (38.75%) 
After Black Mountain 2373 (4.65%) 4862 (9.53%) 13280 (26.03%) 10398 (20.38%) 20110 (39.41%) 
Before Tuchekoi 2715 (6.31%) 4708 (10.95%) 10354 (24.08%) 8185 (19.03%) 17039 (39.62%) 
At Tuchekoi 2026 (4.05%) 4692 (9.39%) 13314 (26.65%) 9963 (19.94%) 19972 (39.97%) 
After Tuchekoi Missing data Missing data Missing data Missing data Missing data 
Before Traverston 2437 (4.85%) 4958 (9.87%) 11998 (23.88%) 10209 (20.32%) 20645 (41.09%) 
At Traverston 2329 (4.64%) 4732 (9.43%) 12284 (24.47%) 10310 (20.54%) 20547 (40.93%) 
After Traverston 346 (1.01%) 1492 (4.36%) 6196 (18.11%) 7312 (21.37%) 18873 (55.15%) 
Southbound Travel 
Before Kybong 2178 (4.35%) 4372 (8.74%) 11941 (23.87%) 10084 (20.16%) 21447 (42.88%) 
At Kybong 2295 (4.61%) 4438 (8.92%) 10961 (22.02%) 10102 (20.29%) 21985 (44.16%) 
After Kybong 671 (1.39%) 3729 (7.75%) 13183 (27.38%) 10564 (21.94%) 19997 (41.54%) 
Before Coles Creek 2360 (5.03%) 4339 (9.24%) 11573 (24.65%) 9436 (20.10%) 19243 (40.99%) 
At Coles Creek 1214 (4.01%) 1580 (5.21%) 4242 (14.00%) 5959 (19.66%) 17308 (57.12%) 
After Coles Creek 763 (2.34%) 2333 (7.14%) 8770 (26.85%) 6807 (20.84%) 13996 (42.84%) 
Before Federal 3640 (7.15%) 5919 (11.63%) 11151 (21.91%) 8346 (16.40%) 21837 (42.91%) 
At Federal 2670 (5.26%) 4834 (9.53%) 11241 (22.15%) 9716 (19.15%) 22282 (43.91%) 
After Federal 1205 (2.52%) 3001 (6.27%) 13250 (27.67%) 13004 (27.16%) 17424 (36.39%) 
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Table B4. Week 4 headway distribution data 
 
Location 0.01-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5.0+s 
Northbound Travel 
Before Black Mountain 2558 (4.78%) 5238 (9.79%) 14790 (27.63%) 10601 (19.81%) 20955 (39.15%) 
At Black Mountain 3160 (5.84%) 5498 (10.16%) 14090 (26.04%) 10705 (19.78%) 20658 (38.18%) 
After Black Mountain 2192 (4.08%) 5142 (9.57%) 14303 (26.62%) 11429 (21.27%) 20674 (38.47%) 
Before Tuchekoi 3031 (5.89%) 5715 (11.11%) 12717 (24.73%) 9849 (19.22%) 19935 (38.76%) 
At Tuchekoi 2032 (3.96%) 4938 (9.62%) 14174 (27.61%) 10235 (19.94%) 19954 (38.87%) 
After Tuchekoi 98 (1.40%) 336 (4.80%) 1678 (23.95%) 1673 (23.88%) 3220 (45.97%) 
Before Traverston 2703 (5.27%) 5120 (9.99%) 12469 (24.33%) 10353 (20.20%) 20613 (40.21%) 
At Traverston 2561 (4.99%) 5089 (9.92%) 12673 (24.70%) 10374 (20.22%) 20603 (40.16%) 
After Traverston 373 (1.11%) 1537 (4.56%) 6082 (18.04%) 7260 21.53%) 18462 (54.76%) 
Southbound Travel 
Before Kybong 2263 (4.44%) 4451 (8.73%) 12391 (24.31%) 10422 (20.45%) 21444 (42.07%) 
At Kybong 2283 (4.50%) 4528 (8.93%) 11535 (22.74%) 10438 (20.58%) 21934 (43.25%) 
After Kybong 685 (1.42%) 3549 (7.37%) 13186 (27.38%) 10548 (21.90%) 20193 (41.93%) 
Before Coles Creek 241 (5.08%) 4291 (9.05%) 11856 (25.00%) 9657 (20.37%) 19204 (40.50%) 
At Coles Creek 1191 (3.71%) 1725 (5.38%) 4622 (14.41%) 6799 (21.20%) 17738 (55.30%) 
After Coles Creek 592 (1.26%) 3432 (7.28%) 13848 (29.36%) 10234 (21.70%) 19058 (40.41%) 
Before Federal 3763 (7.20%) 6225 (11.91%) 11605 (22.20%) 8783 (16.80%) 21903 (41.90%) 
At Federal 2791 (5.35%) 5024 (9.63%) 11745 (22.51%) 10140 (19.44%) 22470 (43.07%) 
After Federal 615 v(1.21%) 3148 (6.20%) 14383 (28.31%) 14052 (27.66%) 18602 (36.62%) 
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APPENDIX C 
 
Table C1. Week 1 speed distribution data 
 
Location Not Speeding 92-102 km/h 103-110 km/h 111-120 km/h 121-130 km/h >130 km/h 
Northbound Travel 
Before Black Mountain 61042 (81.00%) 14047 (18.64%) 247 (0.33%) 21 (0.03%) 3 (0.00%) 3 (0.00%) 
At Black Mountain 65613 (77.79%) 17853 (21.17%) 775 (0.92%) 90 (0.11%) 7 (0.01%) 4 (0.00%) 
After Black Mountain 19346 (78.37%) 3868 (15.67%) 208 (0.84%) 1168 (4.73%) 17 (0.07%) 78 (0.32%) 
Before Tuchekoi 51711 (80.75%) 11444 (17.87%) 721 (1.13%) 158 (0.25%) 8 (0.01%) 0 (0.00%) 
At Tuchekoi 68528 (95.03%) 3413 (4.73%) 150 (0.21%) 19 (0.03%) 2 (0.00%) 2 (0.00%) 
After Tuchekoi 6503 (89.07%) 588 (8.05%) 10 (0.14%) 200 (2.74%) 0 (0.00%) 0 (0.00%) 
Before Traverston 54660 (76.67%) 15385 (21.58%) 1024 (1.44%) 205 (0.29%) 16 (0.02%) 3 (0.00%) 
At Traverston 58873 (82.25%) 11917 (16.65%) 668 (0.93%) 110 (0.15%) 11 (0.02%) 3 (0.00%) 
After Traverston 36039 (76.61%) 8065 (17.14%) 256 (0.54%) 2682 (5.70%) 1 (0.00%) 1 (0.00%) 
Southbound Travel 
Before Kybong 57353 (80.53%) 13583 (19.07%) 257 (0.36%) 27 (0.04%) 3 (0.00%) 0 (0.00%) 
At Kybong 54762 (77.22%) 15748 (22.21%) 360 (0.51%) 42 (0.06%) 6 (0.01%) 0 (0.00%) 
After Kybong 52114 (94.89%) 2005 (3.65%) 68 (0.12%) 730 (1.33%) 0 (0.00%) 1 (0.00%) 
Before Coles Creek 44156 (80.02%) 10401 (18.85%) 533 (0.97%) 76 (0.14%) 13 (0.02%) 5 (0.01%) 
At Coles Creek 22243 (56.44%) 15938 (40.44%) 1045 (2.65%) 153 (0.39%) 14 (0.04%) 15 (0.04%) 
After Coles Creek 49069 (89.63%) 3950 (7.22%) 151 (0.28%) 1569 (2.87%) 6 (0.01%) 2 (0.00%) 
Before Federal 65045 (89.23%) 7568 (10.38%) 250 (0.34%) 27 (0.04%) 7 (0.01%) 1 (0.00%) 
At Federal 56732 (78.12%) 15436 (21.26%) 402 (0.55%) 46 (0.06%) 3 (0.00%) 3 (0.00%) 
After Federal 14902 (79.13%) 2840 (15.08%) 111 (0.59%) 888 (4.72%) 19 (0.10%) 73 (0.39%) 
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Table C2. Week 2 speed distribution data 
 
Location Not Speeding 92-102 km/h 103-110 km/h 111-120 km/h 121-130 km/h >130 km/h 
Northbound Travel 
Before Black Mountain 44702 (76.91%) 13190 (22.69%) 193 (0.33%) 31 (0.05%) 4 (0.01%) 3 (0.00%) 
At Black Mountain 41885 (75.57%) 13124 (23.68%) 367 (0.66%) 38 (0.07%) 6 (0.01%) 2 (0.00%) 
After Black Mountain 3 (18.75%) 0 (0.00%) 6 (37.50%) 1 (6.25%) 0 (0.00%) 6 (37.50%) 
Before Tuchekoi 76058 (75.64%) 22592 (22.47%) 1546 (1.54%) 328 (0.33%) 24 (0.02%) 11 (0.01%) 
At Tuchekoi 52910 (95.44%) 2446 (4.41%) 66 (0.12%) 12 (0.02%) 2 (0.00%) 3 (0.00%) 
After Tuchekoi 7657 (76.75%) 1758 (17.62%) 29 (0.29%) 533 (5.34%) 0 (0.00%) 0 (0.00%) 
Before Traverston 41419 (75.57%) 12544 (22.89%) 688 (1.26%) 143 (0.26%) 15 (0.03%) 2 (0.00%) 
At Traverston 46091 (83.56%) 8672 (15.75%) 338 (0.61%) 49 (0.08%) 8 (0.01%) 1 (0.00%) 
After Traverston 28698 (78.13%) 5790 (15.76%) 127 (0.35%) 2114 (5.76%) 0 (0.00%) 1 (0.00%) 
Southbound Travel 
Before Kybong 37678 (79.43%) 9597 (20.23%) 142 (0.30%) 18 (0.04%) 1 (0.00%) 0 (0.00%) 
At Kybong 36782 (78.35%) 9905 (21.10%) 238 (0.51%) 20 (0.04%) 0 (0.00%) 0 (0.00%) 
After Kybong 37197 (96.97%) 803 (2.09%) 32 (0.08%) 327 (0.85%) 1 (0.00%) 0 (0.00%) 
Before Coles Creek 70497 (85.02%) 11791 (14.22%) 513 (0.62%) 99 (0.12%) 18 (0.02%) 4 (0.00%) 
At Coles Creek 18599 (61.30%) 10957 (36.12%) 656 (2.16%) 97 (0.32%) 15 (0.05%) 15 (0.05%) 
After Coles Creek 56956 (90.72%) 4109 (6.55%) 148 (0.24%) 1562 (2.49%) 2 (0.00%) 3 (0.00%) 
Before Federal 50098 (89.08%) 5937 (10.56%) 181 (0.32%) 24 (0.04%) 0 (0.00%) 2 (0.00%) 
At Federal 42414 (75.56%) 13346 (23.78%) 324 (0.58%) 45 (0.08%) 4 (0.01%) 0 (0.00%) 
After Federal Missing data Missing data Missing data Missing data Missing data Missing data 
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Table C3. Week 3 speed distribution data 
 
Location Not Speeding 92-102 km/h 103-110 km/h 111-120 km/h 121-130 km/h >130 km/h 
Northbound Travel       
Before Black Mountain 35811 (75.02%) 11652 (24.41%) 226 (0.47%) 36 (0.08%) 4 (0.01%) 4 (0.01%) 
At Black Mountain 42193 (76.23%) 12606 (22.78%) 490 (0.89%) 53 (0.10%) 4 (0.01%) 3 (0.01%) 
After Black Mountain Missing data Missing data Missing data Missing data Missing data Missing data 
Before Tuchekoi 40095 (76.69%) 11298 (21.61%) 723 (1.38%) 142 (0.27%) 18 (0.03%) 3 (0.01%) 
At Tuchekoi 49486 (94.44%) 2804 (5.35%) 94 (0.18%) 14 (0.03%) 0 (0.00%) 3 (0.01%) 
After Tuchekoi 22659 (69.68%) 7426 (22.84%) 223 (0.69%) 2205 (6.78%) 3 (0.01%) 2 (0.01%) 
Before Traverston 38633 (74.45%) 12348 (23.80%) 769 (1.48%) 120 (0.23%) 18 (0.03%) 3 (0.01%) 
At Traverston 43192 (82.83%) 8528 (16.35%) 368 (0.71%) 46 (0.09%) 6 (0.01%) 6 (0.01%) 
After Traverston 18969 (77.82%) 3942 (16.17%) 124 (0.51%) 1338 (5.49%) 1 (0.00%) 0 (0.00%) 
Southbound Travel 
Before Kybong 40557 (78.13%) 11112 (21.41%) 220 (0.42%) 15 (0.03%) 3 (0.01%) 0 (0.00%) 
At Kybong 39987 (77.57%) 11264 (21.85%) 268 (0.52%) 24 (0.05%) 4 (0.01%) 0 (0.00%) 
After Kybong Missing data Missing data Missing data Missing data Missing data Missing data 
Before Coles Creek 73558 (77.39%) 20303 (21.36%) 979 (1.03%) 168 (0.18%) 25 (0.03%) 16 (0.02%) 
At Coles Creek 19367 (59.94%) 12026 (37.22%) 760 (2.35%) 126 (0.39%) 17 (0.05%) 16 (0.05%) 
After Coles Creek 23522 (86.18%) 2626 (9.62%) 141 (0.52%) 991 (3.63%) 9 (0.03%) 6 (0.02%) 
Before Federal 47207 (88.31%) 6000 (11.22%) 218 (0.41%) 27 (0.05%) 2 (0.00%) 5 (0.01%) 
At Federal 41557 (78.08%) 11241 (21.12%) 380 (0.71%) 42 (0.08%) 4 (0.01%) 3 (0.01%) 
After Federal Missing data Missing data Missing data Missing data Missing data Missing data 
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Table C4. Week 4 speed distribution data 
 
Location Not Speeding 92-102 km/h 103-110 km/h 111-120 km/h 121-130 km/h >130 km/h 
Northbound Travel 
Before Black Mountain 42944 (76.42%) 12962 (23.07%) 248 (0.44%) 37 (0.07%) 4 (0.01%) 1 (0.00%) 
At Black Mountain 39546 (70.43%) 15970 (28.44%) 569 (1.01%) 53 (0.10%) 4 (0.01%) 3 (0.01%) 
After Black Mountain Missing data Missing data Missing data Missing data Missing data Missing data 
Before Tuchekoi 41454 (77.83%) 10987 (20.63%) 671 (1.26%) 131 (0.25%) 12 (0.02%) 5 (0.01%) 
At Tuchekoi 50477 (94.65%) 2756 (5.17%) 69 (0.13%) 22 (0.04%) 4 (0.01%) 1 (0.00%) 
After Tuchekoi Missing data Missing data Missing data Missing data Missing data Missing data 
Before Traverston 38224 (72.93%) 13240 (25.26%) 789 (1.51%) 146 (0.28%) 10 (0.02%) 3 (0.01%) 
At Traverston 42682 (81.52%) 9208 (17.59%) 389 (0.74%) 69 (0.13%) 9 (0.02%) 0 (0.00%) 
After Traverston 7915 (80.14%) 1442 (14.60%) 44 (0.45%) 475 (4.81%) 0 (0.00%) 0 (0.00%) 
Southbound Travel 
Before Kybong 42332 (81.06%) 9696 (18.57%) 173 (0.33%) 17 (0.03%) 2 (0.00%) 2 (0.00%) 
At Kybong 40821 (79.17%) 10437 (20.24%) 269 (0.52%) 27 (0.05%) 4 (0.01%) 2 (0.00%) 
After Kybong Missing data Missing data Missing data Missing data Missing data Missing data 
Before Coles Creek 97038 (75.93%) 28912 (22.62%) 1566 (1.23%) 242 (0.19%) 28 (0.02%) 10 (0.01%) 
At Coles Creek 19471 (59.70%) 12232 (37.51%) 743 (2.28%) 139 (0.43%) 8 (0.02%) 21 (0.06%) 
After Coles Creek Missing data Missing data Missing data Missing data Missing data Missing data 
Before Federal 47953 (88.50%) 5977 (11.03%) 219 (0.40%) 36 (0.07%) 1 (0.00%) 1 (0.00%) 
At Federal 42733 (79.51%) 10589 (19.70%) 355 (0.66%) 55 (0.10%) 9 (0.02%) 2 (0.00%) 
After Federal Missing data Missing data Missing data Missing data Missing data Missing data 
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APPENDIX D  
 
Table D1. Week 1 headway distribution data 
 
Location 0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5+s 
Northbound Travel 
Before Black Mountain 4051 (5.38%) 8848 (11.74%) 24946 (33.10%) 16043 (21.29%) 21475 (28.50%) 
At Black Mountain 5602 (6.64%) 9917 (11.76%) 26101 (30.95%) 18154 (21.52%) 24568 (29.13%) 
After Black Mountain 943 (3.82%) 2382 (9.65%) 7549 (30.58%) 5650 (22.87%) 8163 (33.07%) 
Before Tuchekoi 5165 (8.07%) 9512 (14.85%) 19416 (30.32%) 12433 (19.41%) 17516 (27.35%) 
At Tuchekoi 4041 (5.60%) 8917 (12.37%) 23819 (33.03%) 15339 (21.27%) 19998 (27.73%) 
After Tuchekoi 668 (9.15%) 331 (4.53%) 1433 (19.63%) 1308 (17.92%) 3561 (48.77%) 
Before Traverston 4773 (6.69%) 9635 (13.51%) 21017 (29.18%) 14524 (20.37%) 21344 (29.94%) 
At Traverston 4600 (6.43%) 9097 (12.71%) 22118 (30.91%) 14723 (20.57%) 21044 (29.40%) 
After Traverston 682 (1.45%) 2797 (5.95%) 10651 (22.64%) 11940 (25.38%) 20974 (44.85%) 
Southbound Travel 
Before Kybong 3679 (5.17%) 7758 (10.89%) 21026 (29.52%) 16274 (22.85%) 22486 (31.57%) 
At Kybong 3766 (5.31%) 7819 (11.03%) 19541 (27.55%) 16664 (23.50%) 23128 (32.61%) 
After Kybong 742 (1.35%) 4354 (7.93%) 16122 (29.36%) 12987 (23.65%) 20713 (37.72%) 
Before Coles Creek 2770 (5.02%) 5479 (9.93%) 15230 (27.60%) 11523 (20.88%) 20182 (36.57%) 
At Coles Creek 1516 (3.85%) 2374 (6.02%) 6681 (16.95%) 9338 (23.70%) 19499 (49.48%) 
After Coles Creek 777 (1.42%) 4410 (8.06%) 17431 (31.84%) 12054 (22.02%) 20076 (36.67%) 
Before Federal 6010 (8.24%) 10223 (14.02%) 20283 (27.82%) 14166 (19.43%) 22216 (30.48%) 
At Federal 3907 (5.38%) 8313 (11.45%) 21889 (30.14%) 16336 (22.49%) 22177 (30.54%) 
After Federal 239 (1.27%) 1160 (6.16%) 5761 (30.59%) 5476 (29.08%) 6198 (32.91%) 
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Table D2. Week 2 headway distribution data 
 
Location 0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5+s 
Northbound Travel 
Before Black Mountain 3000 (5.16%) 6019 (10.36%) 16691 (28.72%) 11504 (19.79%) 20909 (35.97%) 
At Black Mountain 3646 (6.58%) 5841 (10.54%) 14828 (26.75%) 11236 (20.27%) 19871 (35.85%) 
After Black Mountain 3 (18.75%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 13 (81.25%) 
Before Tuchekoi 6991 (6.95%) 12020 (11.95%) 25295 (25.15%) 19250 (19.14%) 37003 (36.80%) 
At Tuchekoi 2567 (4.63%) 5841 (10. 54%) 16129 (29.90%) 11205 (20.21%) 19697 (35.53%) 
After Tuchekoi 625 (6.26%) 754 (7.56%) 2925 (29.32%) 2384 (23.89%) 3289 (32.97%) 
Before Traverston 3080 (5.62%) 6276 (11.45%) 14107 (25.74%) 10907 (19.90%) 20441 (37.29%) 
At Traverston 3078 (5.58%) 5971 (10.83%) 14647 (26.55%) 11072 (20.07%) 20391 (36.97%) 
After Traverston 414 (1.13%) 11907 (5.19%) 7225 (19.67%) 8199 (22.32%) 18985 (51.69%) 
Southbound Travel 
Before Kybong 2013 (4.35%) 4178 (8.81%) 12219 (25.76%) 10348 (21.81%) 18678 (39.38%) 
At Kybong 2157 (4.59%) 4346 (9.26%) 11169 (23.79%) 10347 (22.04%) 18926 (40.32%) 
After Kybong 549 (1.43%) 3271 (8.53%) 12916 (33.67%) 9987 (26.03%) 11640 (30.34%) 
Before Coles Creek 4261 (5.14%) 8902 (10.74%) 25987 (31.34%) 19522 (23.54%) 24250 (29.24%) 
At Coles Creek 1236 (4.07%) 1817 (5.99%) 4760 (15.69%) 6540 (21.56%) 15986 (52.69%) 
After Coles Creek 10.54 (1.68%) 5450 (8.68%) 21707 (34.58%) 15484 (24.66%) 19086 (30.40%) 
Before Federal 4210 (7.49%) 6952 (12.36%) 13428 (23.88%) 10034 (17.84%) 21618 (38.44%) 
At Federal 2838 (5.06%) 5655 (10.07%) 14110 (25.14%) 11658 (20.77%) 21872 (38.96%) 
After Federal Missing data Missing data Missing data Missing data Missing data 
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Table D3. Week 3 headway distribution data 
 
Location 0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5+s 
Northbound Travel 
Before Black Mountain 2704 (5.66%) 5010 (10.50%) 13184 (27.62%) 8939 (18.73%) 17896 (37.49%) 
At Black Mountain 3780 (6.83%) 5810 (10.50%) 14530 (26.25%) 10526 (19.02%) 20703 (37.40%) 
After Black Mountain Missing data Missing data Missing data Missing data Missing data 
Before Tuchekoi 20128 (6.69%) 5922 (11.33%) 80265 (26.67%) 10301 (19.70%) 19489 (37.28%) 
At Tuchekoi 12414 (4.85%) 5341 (10.19%) 76083 (29.70%) 10571 (20.17%) 19560 (37.33%) 
After Tuchekoi 1969 (3.95%) 2472 (7.60%) 13763 (27.64%) 7648 (22.52%) 12317 (37.88%) 
Before Traverston 2728 (5.26%) 5474 (10.55%) 12793 (24.65%) 10409 (20.06%) 20487 (39.48%) 
At Traverston 2843 (5.45%) 5166 (6.91%) 13186 (25.29%) 10484 (20.11%) 20467 (39.25%) 
After Traverston 502 (2.06%) 904 (3.71%) 3850 (15.80%) 4980 (20.43%) 14138 (58.00%) 
Southbound Travel 
Before Kybong 2230 (4.30%) 4453 (8.58%) 12916 (24.88%) 11007 (21.21%) 21301 (41.04%) 
At Kybong 2310 (4.48%) 4627 (8.98%) 11774 (22.84%) 10920 (21.18%) 21916 (42.52%) 
After Kybong Missing data Missing data Missing data Missing data Missing data 
Before Coles Creek 4326 (4.87%) 8971 (9.44%) 25667 (27.00%) 19475 (20.49%) 36310 (38.20%) 
At Coles Creek 1340 (4.15%) 1853 (5.73%) 4669 (14.45%) 6780 (20.98%) 17670 (54.69%) 
After Coles Creek 538 (1.97%) 2570 (9.41%) 8685 (31.82%) 5353 (19.61%) 10151 (37.19%) 
Before Federal 3706 (6.93%) 6085 (11.38%) 12518 (23.42%) 9794 (18.32%) 21356 (39.95%) 
At Federal 2477 (4.65%) 4857 (9.13%) 13070 (24.56%) 11233 (21.10%) 21590 (40.56%) 
After Federal Missing data Missing data Missing data Missing data Missing data 
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Table D4. Week 4 headway distribution data 
 
Location 0.0-0.69s 0.70-0.99s 1.00-1.99s 2.00-4.99s 5+s 
Northbound Travel 
Before Black Mountain 2807 (5.00%) 5557 (9.89%) 15569 (27.70%) 11213 (19.95%) 21050 (37.46%) 
At Black Mountain 3174 (5.65%) 5676 (10.11%) 14958 (26.64%) 11560 (20.59%) 20785 (37.01%) 
After Black Mountain Missing data Missing data Missing data Missing data Missing data 
Before Tuchekoi 20128 (6.69%) 36543 (12.14%) 14117 (26.51%) 59356 (19.72%) 19622 (36.84%) 
At Tuchekoi 12414 (4.85%) 27544 (10.75%) 15247 (28.59%) 52830 (20.62%) 19613 (36.78%) 
After Tuchekoi Missing data Missing data Missing data Missing data Missing data 
Before Traverston 2666 (5.09%) 5301 (10.11%) 13035 (24.87%) 11731 (20. 74%) 20679 (39.45%) 
At Traverston 2449 (4.68%) 5106 (9.75%) 13465 (25.72%) 10799 (20.63%) 20538 (39.23%) 
After Traverston 216 (2.19%) 444 (4.50%) 1727 (17.49%) 2036 (20.62%) 5453 (55.21%) 
Southbound Travel 
Before Kybong 2103 (4.03%) 4506 (8.63%) 13054 (25.00%) 11245 (21.53%) 21314 (40.81%) 
At Kybong 2156 (4.18%) 4659 (9.04%) 12028 (23.33%) 10954 (21.25%) 21763 (42.21%) 
After Kybong Missing data Missing data Missing data Missing data Missing data 
Before Coles Creek 6120 (4.79%) 12190 (9.54%) 34458 (26.96%) 26650 (20.85%) 48378 (37.86%) 
At Coles Creek 1313 (4.03%) 1777 (5.45%) 4980 (15.27%) 6856 (21.02%) 17688 (54.23%) 
After Coles Creek Missing data Missing data Missing data Missing data Missing data 
Before Federal 3358 (6.20%) 5767 (10.64%) 13061 (24.10%) 10565 (19.50%) 21436 (39.56%) 
At Federal 2144 (3.99%) 4514 (8.40%) 13370 (24.88%) 12163 (22.63%) 21552 (40.10%) 
After Federal Missing data Missing data Missing data Missing data Missing data 
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APPENDIX E 
 
 
PARTICIPANT INFORMATION for  
QUT RESEARCH PROJECT – Community-based Survey 
 
Effects of speeding and headway related signs on driver behaviour 
 
Ethics Approval Number: 0900000963 
 
A/Professor Andry Rakotonirainy 
Chief Investigator 
CARRS-Q 
Email: r.andry@qut.edu.au 
Phone: 07 3138  4683 
Research Team Contacts 
Dr Simon Smith  
Senior Research Fellow 
CARRS-Q 
Email: 
simon_smith@qut.edu.au 
Phone: 07 3138 4908 
 
Dr Ioni Lewis 
Postdoctoral Research Fellow 
CARRS-Q 
Email: i.lewis@qut.edu.au 
Phone: 07 3138 4966 
 
 
Description of the project and your participation  
 
You are invited to take part in a study that will investigate drivers‟ thoughts and feelings 
about the role and effectiveness of road safety messages for potential use on highway 
Variable Message Signs (VMSs).  
 
This research is being conducted by researchers at the Centre for Accident Research and 
Road Safety – Queensland (CARRS-Q) at QUT on behalf of the Department of Transport and 
Main Roads – Queensland. 
 
To participate, you must hold a current QLD or interstate driver‟s license (provisional or 
open).  
 
All comments and responses are anonymous and will be treated confidentially. Your 
participation in this project is voluntary. If you do agree to participate, you can withdraw 
from the study at any time without comment or penalty.  
 
Your returning a completed survey to the researchers will be taken as you providing your 
consent to participate. Once submitted, surveys will be unable to be returned (given that they 
are anonymous and unidentifiable).   
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Section 1: Demographic information  
Q1. Are you? (please tick one box only) □ Male □ Female 
Q2. How old were you at your last birthday? ……….. years 
Q3. What is the postcode of where you live?  ………..……….. 
Q4. What type of licence do you currently hold? (please tick one box only) 
 □ Learners (L) □ Provisional (P) □ Open 
Q5. How long have you held your licence? ……….. years   
Q.6 How often do you drive this section of the Bruce Highway? (please tick one box only)  
 □ Daily/almost daily □ 
Weekly/almost 
weekly 
□ Monthly/almost monthly □ 
Yearly/once-off 
trip 
Q7. What is the main purpose of your trip today? (please tick one box only) 
 □ Regular trip to/from work/study □ Driving as part of your work/study 
 □ Holiday/visiting friends or relations □ Leisure/entertainment/shopping 
Q8. Please estimate how many kilometers you intend to travel today (round 
trip). 
 ………............... kms 
Q9. How many kilometers have you travelled today to get here?  ………..……….. kms 
Q10. Please estimate how long today‟s trip will take?  ……….. hrs ……….. mins 
Q11. What type of vehicle are you driving today? (please tick one box only) 
 □ Car/wagon □ Van/4WD □ Truck/bus □ Motorcycle 
Q12. Is the vehicle you most commonly drive: (please tick one box only) 
 □ Privately owned  □ Company owned 
Q13. What is your current employment status? (tick as many boxes as necessary) 
 □ Full-time □ Part-time/casual □ Retired 
 □ Student (full or part-time) □ Unemployed □ Full-time carer 
Q14. What is your highest educational level attained? (please tick one box only) 
 □ Tertiary or higher □ High school certificate (year 12) 
 □ High school certificate (year 10) □ Primary school 
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Section 2: Past behaviour and attitudes toward road safety 
Q15. How often do you engage in each of the following 
behaviours? 
Very unlikely Very likely 
a. Exceed the speed limit (by less than 13km/h)  1 2 3 4 5 6 7 
b. Exceed the speed limit (by 13km/h or more) 1 2 3 4 5 6 7 
c. Drive less than two (2) car lengths behind a vehicle in front 
during free-flowing traffic 
1 2 3 4 5 6 7 
d. Drive less than two (2) seconds behind a vehicle in front 
during free-flowing traffic 
1 2 3 4 5 6 7 
Q16. In the past three (3) years have you: 
By “crash” we mean any incident occurring on public roads, which involved injury to another person or 
yourself or damage to any vehicle or property, regardless of who caused the incident or how slight it was. 
a. Been involved in a crash as a driver? ……… 
times 
 □ None 
 b. If yes, did any of these crashes involve you crashing into the 
rear-end of another vehicle 
 □ Yes  □ No 
c. Been fined for speeding? ……… 
times 
 □ None 
Q17. How much do you agree or disagree with the following 
statements: 
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a. Police only enforce speeding to raise revenue  1 2 3 4 5 
b. The police use inappropriate tactics to catch speeding drivers  1 2 3 4 5 
c. Penalties for speeding have a road safety benefit 1 2 3 4 5 
d. It‟s OK for a skilful driver to speed 1 2 3 4 5 
e. Driving up to 10km/hr over the speed limit isn‟t really 
speeding  
1 2 3 4 5 
f. Everybody exceeds the speed limit now and then  1 2 3 4 5 
g. Speeding is a serious offence 1 2 3 4 5 
h. It‟s OK to exceed the speed limit just as long as you don‟t do it 
too much 
1 2 3 4 5 
i. I don‟t consider it speeding if you are driving to the conditions 
of the road (even if this is faster than the posted speed limit) 
1 2 3 4 5 
j. Speeding can be safe in some circumstances 1 2 3 4 5 
k. Exceeding the speed limit under any conditions is dangerous 1 2 3 4 5 
l. The police currently allow a tolerance over the posted speed 
limit before booking drivers for speeding  
1 2 3 4 5 
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Q18. How likely would you be to speed in the following situations? Very unlikely Very likely 
a. On a clear, dry day with little traffic 1 2 3 4 5 6 7 
b. On a road you are very familiar with 1 2 3 4 5 6 7 
c. There are no other cars on the road 1 2 3 4 5 6 7 
d. In wet conditions 1 2 3 4 5 6 7 
e. At night 1 2 3 4 5 6 7 
f. You are in a hurry to get somewhere 1 2 3 4 5 6 7 
g. To keep up with traffic 1 2 3 4 5 6 7 
h. When pressured by drivers following too closely behind you 1 2 3 4 5 6 7 
Q19. How risky do you think the following behaviours are? Not at all risky Extremely risky 
a. Exceeding the speed limit by less than 13km/h 1 2 3 4 5 6 7 
b. Exceeding the speed limit by more than 13km/h 1 2 3 4 5 6 7 
c. Tailgating/driving too close to the vehicle in front 1 2 3 4 5 6 7 
d. Driving while impaired by alcohol 1 2 3 4 5 6 7 
e. Driving while impaired by drugs 1 2 3 4 5 6 7 
f. Driving when tired/fatigued 1 2 3 4 5 6 7 
g. Not wearing your seatbelt when driving 1 2 3 4 5 6 7 
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Section 3: General attitudes toward VMS 
Variable Message Signs (VMS) are dynamic/changeable electronic signs that 
convey messages to drivers. The signs are typically situated on roadside poles 
or affixed to existing infrastructure (e.g., bridges). VMS differ from static signs 
(e.g., STOP signs) in that the message presented can be changed automatically 
and more than one message can be presented at various times on the sign. 
Photo Examples of VMS 
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The following questions relate to your general attitudes toward Variable 
Message Signs: 
Q20. How useful do you believe Variable Message Signs are for 
presenting the following kinds of information? 
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a. Penalties associated with exceeding the speed limit □  □  □  □ 
b. Advising drivers to slow down if they are speeding □  □  □  □ 
c. Advising drivers to back off if they are tailgating □  □  □  □ 
d. Advising drivers of traffic congestion ahead □  □  □  □ 
e. Drink driving road safety messages □  □  □  □ 
f. Drug driving road safety messages □  □  □  □ 
g. Seat belt wearing road safety messages □  □  □  □ 
h. Fatigue/inattention road safety messages □  □  □  □ 
Q21. How much do you agree or disagree with the following 
statements: 
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a. The signs distract my attention from the road 1 2 3 4 5 
b. The signs are a useful source of information 1 2 3 4 5 
c. I believe the information displayed on the signs is correct/accurate 1 2 3 4 5 
d. The signs are a good place to show general safety messages 1 2 3 4 5 
e. The signs should only be used for urgent/real-time messages 1 2 3 4 5 
f. Using these signs to warn me that I am exceeding the speed limit 
would make me slow down 
1 2 3 4 5 
g. Using these signs to warn me that I am travelling too close to the 
vehicle in front would make me increase my following distance 
1 2 3 4 5 
h. The signs do not affect my behaviour 1 2 3 4 5 
i. The signs remind me to drive more safely 1 2 3 4 5 
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Q22. Imagine that you are driving along a section of the highway. On this section of highway you are aware of 1 (one) 
Variable message sign (VMS). This sign is activated to display a message whenever a driver approaching it is 
speeding or following another vehicle too closely (i.e., is tailgating). In this situation: 
 
No 
influe
nce at 
all 
 Neutral  
Much 
influence 
a. What influence do you think this vehicle-activated VMS will have 
on your driving behaviour? 
1 2 3 4 5 
b. What influence do you think this vehicle-activated VMS will have 
on other people’s driving behaviour? 
1 2 3 4 5 
Q23. Once again, imagine that you are driving along a section of the highway. On this section of highway, you are 
aware of there being multiple Variable message signs (e.g., there are 2 or more VMS‟s in a row). Each of these signs 
is activated to display a message whenever a driver approaching a sign is speeding or following a vehicle too closely 
(i.e., is tailgating). In this situation: 
 
No 
influe
nce at 
all 
 Neutral  
Much 
influence 
a. What influence do you think having a series of vehicle-activated 
VMS‟s will have on your driving behaviour? 
1 2 3 4 5 
b. What influence do you think having a series of vehicle-activated 
VMS‟s will have on other people’s driving behaviour? 
1 2 3 4 5 
Q24. How much do you agree or disagree with the following 
statements. For drivers, having a few VMS‟s in a row, rather than 
one on its own, would: S
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a. Make it easier to keep track of speed and distance 1 2 3 4 5 
b. Prevent speeding 1 2 3 4 5 
c. Make driving behaviour worse 1 2 3 4 5 
d. Be more annoying 1 2 3 4 5 
e. Help stop tailgating 1 2 3 4 5 
f. Be more distracting 1 2 3 4 5 
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Section 4: Free recall 
Thinking about your current trip: 
Q25. Where did you first get on the Bruce Highway today? 
………………………………………………………………………………………………………………... 
Q26. Have you deviated from the Bruce highway at any time during your journey?  
 □ Yes  □ No – Go to question 28! 
Q27. At which exit or exits did you get off and back on? 
Off Back On 
…………………………………………….. …………………………………………….. 
…………………………………………….. …………………………………………….. 
Q28. How many Variable Message Signs have you seen? 
 □ 0 – Go to Section 9! 
Enter number of signs seen here:     
……..………… 
 
Q29. How many of the signs were displaying any kind of message? 
 Enter number of messages seen here:       ……..…………  
Q30. What message/s did you see on the sign/s?   
…………………………………………………………………………………………………………………
…...……………………………………………………………………………………………………………
………...………………………………………………………………………………………………………
……………...………………………………………………………………………………………………... 
Q31. Where did you see the sign/s? (e.g., nearest exit/entry ramp, town, identifiable landmark, etc) 
…………………………………………………………………………………………………………………
…...……………………………………………………………………………………………………………
………...………………………………………………………………………………………………………
……………...………………………………………………………………………………………………... 
Q32. How much do you agree or disagree with the following 
statements: 
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a. The signs were displayed far enough in advance for me to fully 
read the message 
1 2 3 4 5 
b. I was pleased that the message was shown 1 2 3 4 5 
c. The message distracted my attention from the road 1 2 3 4 5 
d. I believe the information displayed was correct/accurate 1 2 3 4 5 
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Section 5: Cued recall 
Thinking about your current trip: 
Q33. Did you see any of the following messages on the sign/s you passed? How many times?  
a. YOU are tailgating. Back off □ Yes ________ times □ No 
b. YOU are speeding. Minimum penalty 1 point + $133 □ Yes ________ times □ No 
c. YOU are speeding. Minimum penalty 3 points + $200 □ Yes ________ times □ No 
d. YOU are speeding. Minimum penalty 4 points + $333 □ Yes ________ times □ No 
e. YOU are speeding. Minimum penalty 6 points + $466 □ Yes ________ times □ No 
f. YOU are speeding. Minimum penalty 8 points + $933/6mth 
suspension 
□ Yes ________ times □ No 
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Section 6: Information on VMS and messages 
The VMS located on this section of the Bruce Highway are vehicle-activated 
and present real-time speed and tailgating (e.g., the distance between a vehicle 
and the vehicle travelling directly in front) information to drivers.  
Speed messages alert drivers if they are exceeding the posted speed limit and 
notify them of the potential penalties (e.g., fine and demerit point loss) 
associated with their current speed. 
Tailgating messages alert drivers if they are travelling at a potentially unsafe 
distance to the vehicle in front of them and suggests that drivers increase their 
following distance. 
Example speeding message: 
 
 
 
 
Example tailgating message: 
 
 
 
 
The following series of questions relate to your attitudes toward these messages: 
 
  
YOU ARE 
TAILGATING 
BACK OFF 
YOU ARE 
SPEEDING 
SLOW DOWN 
MINIMUM PENALTY             
1 POINT + $133 
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Section 7: Attitudes toward and self-reported behaviour impact of speed message 
Answer the next series of questions only if you saw a speed message. If you did not see a 
speed message please go to Question 27: 
Q34. Did you think the message/s were directed at you?  
 □ Yes 
 □ No – I thought it was directed at another driver 
 □ No – I thought it was general information for all drivers 
Additional comments 
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
Q35. How accurately did the message/s match your behaviour (e.g., do you think you were actually 
speeding)?  
 □ Very accurately 
 □ Somewhat accurately 
 □ Not very accurately 
 □ Not at all accurately 
Additional comments 
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
Q36. How likely do you think it is that the penalties noted in the message/s will be enforced?  
 □ Very likely 
 □ Somewhat likely 
 □ Not very likely 
 □ Not at all likely 
Additional comments 
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
Q37. How credible was the penalty information displayed in the message/s (e.g., how much did believe that 
those penalties could be administered in relation to your speed)?  
 □ Very credible 
 □ Somewhat credible 
 □ Not very credible 
 □ Not at all credible 
Additional comments 
…………………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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Q38. What impact did the message have on your speed behaviour?  
 □ I reduced my speed for the rest of my trip 
 □ I reduced my speed for a little while but then sped up again 
 □ Had no effect on my speed 
 □ I increased my speed 
Additional comments 
………………………………………………………………………………………………………………
……………………………………………………………………………………………………………… 
Q39. How useful was the speed message?  
 □ Very useful 
 □ Somewhat useful 
 □ Not very useful 
 □ Not at all useful 
Additional comments 
………………………………………………………………………………………………………………
……………………………………………………………………………………………………………… 
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Section 8: Attitudes toward and self-reported behaviour impact of headway 
message 
Answer the next series of questions only if you saw a tailgating message. If you did not see a 
tailgating message please go to Section 8: 
Q40. Did you think the message/s were directed at you?  
 □ Yes 
 □ No – I thought it was directed at another driver 
 □ No – I thought it was general information for all drivers 
Additional comments 
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………… 
Q41. How accurately did the message/s match your behaviour (e.g., how much did believe that those 
penalties could be administered in relation to your speed)?  
 □ Very accurately 
 □ Somewhat accurately 
 □ Not very accurately 
 □ Not at all accurately 
Additional comments 
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………… 
Q42. What impact did the message have on your tailgating behaviour?  
 □ I increased the distance between myself and the vehicle in front of me for the rest of my trip 
 □ I increased the distance between myself and the vehicle in front of me but only for a little while  
 □ Had no effect on my following distance 
 □ I decreased the distance between myself and the vehicle in front of me 
Additional comments 
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………… 
Q43. How useful was the tailgating message?  
 □ Very useful 
 □ Somewhat useful 
 □ Not very useful 
 □ Not at all useful 
Additional comments 
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………… 
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Section 9: Attitudes toward the number of VMS used on south-east 
Queensland roads 
 
Q44. Thinking about the Variable Message Signs you see on roads throughout south-east Queensland, 
would you say there are: 
 □ Too many VMS □ Not enough VMS □ About right 
Additional comments 
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
……………………………………………………………………………………………………………… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you for your participation! 
Don’t forget to collect your $10 when returning the survey. 
 
 
